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mSftT＼ Cc≪t5'aaS*3J:0{^c^^^^-r≪att*>'r3^^r-f ■^･iir>3> (Aco-
ustic Emission, ^AEtBg-f* ) i^≫^tl5o CfLj;*), AEfi, @<*W*4*sffi*
i#ttailttbrSisnri^o ^:≪cm*T-(i, sijRfert^ffig-ecAEitftfe^^^^o0
AEaftti, ^<c^§;t5S<*>?'5ff?S*Sfi1tinrt,^*s, Ks£K)^{il970^£lBtfci!l^SB/S
?.OTt@^fflcB$Rgt, Ztl£X&t)>t>Wl&lzmZ＼&MfflZfttf'C3$Z_Z£tibiV%Zo CO 1970
^aitroAEW^^^^Tffijst-tKf, iijft&ffl^≪^Hiai;ajc53-c-ci5jf^^& p,nfco
3)
^H*≪ftiU/;≫^-e(i, Si*^SSRc^^^1-5S|i!ftt) ( tincry )i^5Sft*>, "S
lZ£t)WZ%tltl<Di)imDt%tl'C^Z><, C.CDW5S&, Schof ieldtCJ: *}gW1&&>*n, W^±
2)






1970 4jH£^<:(2, & < <Dffl$Z%&M&it * £ 5 Id*) ,i!ft%.l£,ASTM STP571 ft&, 1970
^~ 1972^cHftfttT* 412 cS:M*>iR^$tlTO≪.0 ^tif,ci＼*ffl^W5S|^§(to^T(i#^t"
*i)i, affiT-fi, ^*RKffc^ici"te%i^-^s^≪s^affi≫^^T, {Hjf>*>cis^cjptio
S^H^fc^ft, i969^m, KffitiS≫ffi^( hpi )R*≫cAES^^*J^:a§tv, [73
-^x^ ->^ ･ i? -7->3>J i^5S*cffiffl*>ftS^tt/:= CcSl^(i, 1981 ^(tfi^K
S^^R^(NDI )c*(C^≪^l$fi, affi, B:rr*cAEgT3EcffjOiLTS≫£?T-oTl.->
- 1 -
So
$t＼uvf£<i≫t>,rojuioj , rojti^j (rock burst) t^5mm*mhnt^tzo
AE§lf>iUT&ffl;sft?;cti, [miZlzM.＼h＼HT'<D&&mm&<Dn$kWZ-Obeit fimWZ-%
g)
%btZ<D&m%)t$tir^Z>o m&, C(D1MM& microseismic activity t^#tt
9)
1-ztift,moivitAE tmz-f, L<D-9mi)mt>fLZ>ct$,$>z>o






sch tiWm&^^iiil^tZC t-lZbhZZr, mmmitlt. I.'Hermit'e i-ttff≪STT>a*^
E**fB£1-*£t*W£UTV*. =>i"J-hca9g*≫J:Ot≪aiK#5n≫≪JaRK^btAEc
5l*^≫(iRobinson6)(?:J;oTfe5f^$nfCo £/;, a**ffl-C*≪if% K J:o T, i>^t>npg
£K.≪fc*#ffi6ibT, SPiiStt%ffll^ltaa^^'rAT*a>^ >J- hcfllMS^fcAE*5^til
$tlfc≫^cflfe,Wells28)ti, SSSSC^*> 2 kHz ~ 20 kHz cAEHHIJi/^r-kfctttftUfcoL/
a > * ･;- hxgsc≫BP≫≪J^t 6, ae ijggg t *>iSS*l*c)i?BJ^ t*,≫^ft*≫≫≫c≪fL/
29)SKSUSiJS^-^^TSjastfe^nfcic*Table i tt^fo %t>>t>tt>i)>z±5fc, coyj
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Table 1 Non-destructive testings in concrete





































a y * !)- 1-ffl
fflfc,t£8ic3
T*5
3!$83SBBS K££JK m ±
I it*>. s. mi ■£.W%,-3S9 m it
*tt? m . ± iii>y>& ･ffc-fs&e**)


















mm-vit, 3>^';-httSK*jit≪AEaaftt5B5feet≫Ko^r, Fig. ios^^k^
zaimmz^x^m t tsRxma-t% <=
*Ri＼ AEO56*≪≪*ftSllfl5≫c:≪l^-r*o





|1| A E<2>##f'< 7 * - 9- - <h^#tt^M^^#^
1.1 ttDto(C
30)
*.J:5o CCDfsTic, ASTMT-^feTAEOflfSt^lMSsn, ^c^6 3l^rK^Tifg^K^
7), 31), 32)
8**BT- fe, |iIkEcH P I , N D I *Jfp;D>t(3:0 .1972^*> h^.^^M^m^nW.t＼yX^^ h
33),34),35),36),37)





#ft*Sn≪tH^fC, AElcm＼sX-C'%zmt)z?Mte7-$&m9.-?Z>C tWStiSSo ^cJ:
Uri^AERtt^t*nftrttSB(^&S*>*>*iiT-*^o
*!&:££, CW.tS'aSaofetK, n>^ D-h≪*4cAEit$tt(to^TS^K)W%^fT-o^
6cT-*^O 2^＼(±, ^c^ASEiUT, AEc8f%fC*3^5S5J*≪lSL/, ^≫£l^c^W9Ec




1) 2) 3) 4)
1) Specimen 3) Amplifier
2) Pick-up 4) Filter
Fig.I.1.1 Fundamental system for monitoring AE.
c^Jg, ^SiigcKf^SlJ^c*?.≫9);S'lf#*F19^bT^5Ct(caiMia<, in{pI(CLTAE≪
tOJ^fcAEM-^O&tUK**:!), lilfti^WSttli, Sft&^filfe kHz ~^ MHz,
1^{ijSffittiS:^v~avtu5e:fe*ao *fc, AEcjg^(c||≫br, ^>^ u- hw*4^*j





l^ffiT'* Set *5S t H＼
#S£≪iSt£t ^ 5 Hffl89&:≪**> &&. WI4c A E c5l£1fftfc ≪t
tf≪≫lg(<:≪ fc^ iCfficoS
tt%*5, SSctc6, tcJ:5'S:JEt^SIS^^T*S≪W^isFflfi§ttfc^gl?Lfi*^≫">o
ft-w^Wffli>^fec*5ffl^f>nT^5o £c≪･&, ^^^ci^ttfi^K^^*^<, ^tH^nfcx
44)
^^**. a≫EJKH-ra≪f#*#J:5ti-*≫^≫c≫i, ^je;c*ssii*ttc5Pffl'aaK}-*iWffl-rac
#w5Ectffij-m, tirvifi^, i≪*a≫≫cj: ≫>, 60 dB (imm)nw8mi>x＼,-*zo
ElI^^^Sft^Tli, ^W^T*c≪8≪WSfii!i*smaM-tf^gl#nsillBS^*j^T,
&≫**T?S*E≫>iE≫≫z3Qfe3ft;5fc≫fc, A^j^f >tr-^^^cSfir-≪iffliS*^St?*so |H≪
^tb$ns^ss^±, ^i^cis^fcf T≪,^nfc≪t5f?iAEtta!ic^:ir^iiHT**f)) mm
46)
47)
S&W&ftJKJS-S-tf, Fig. I.L2cJ:5T**SO ^tt^T-fi, mr*l,±t ＼ZftM$tlZffimt.1&%
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h a 'I' b H
_l 1 1 I I I ■ I
t
10 10° lo1 102 103 10* 10s
in*
Frequency ( Hz )
b. Explorationseismologya. Earthquake studies
c. Micro-earthquake studies
e. More recent AE lab/field
studies on geologic materials
g. AE studies on metallic
materials
d. Early AE lab/field
studies on geologic materials
f. Limited AE studies on
qeologic materials
Fig.I.1.2 Frequency range of various types of AE studies.
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Fig.I.1.3 AE signals. The same signal is recorded with different
frequency bands.
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a) j@^cSRc^aT'*5gfS, DSgK, i*;l/*-*tt£o






cnf.c'|f^(i, i+aij*cRa*igg(<:J: bM^frOftffi^yJ-f tU-CV&mzti-C^Zc £IT
T-f±,^ cMac^StS-^07>-^-^o^TlS^L/, ^^[T-^^tUf^tff-'-?^^-^-c
a) m^ms.
A E c^^^ffi ( activity )(i, mfiIB#[13 ≫)c^*＼ (count rate)*5 l^i^ffi
≪SK( total count ) thX, ≪fiRK≪iia*JJ: OWSISlOtt^KofiaiJc, ≪fel£<ffl
(crj:^o b*>u, &JWRr*4cfflft^H#Kfi, a^S!ti＼lftL5|≫/^'SAE*>*ai^Ki≫c||^-ra
b) *^itfj^: A^≪-tcg*i*>*5iifi^^^5i, l^jisxm&L, *<D&―%.<D^f§lmm
*WL%-$%i5^t, <t^SJg*^|ft≫Ka-rac:t≫cj:≫j|f-≫fa55fS****o tc^5C(i, A





V1V (a) Ring down
'Kfrlffl-ftiV^/'-^-■'■■■■■･■. "
' V '.!!;'* " Dead time
V1,1 (b) Pulse
f. /＼
~!^'~1＼?]fi!i~>'7-'7-'＼---/-^ -■- '*T7j M!i ＼'i>.a.*-*-
･' !･ I' v' '■■'::
'}',' (c) Envelope '≪'v
Fig.I.1.4 Methods of AE counting
Fig. I. i.3*>&6fc*>;5J:5K, ^>* y- h≪*4*>&f6£-r*AESJR≫±, ttttB5H**&
(2) gfiRa^syMS≫ff


















































fff*^t?(i, t-f AEcKSi&ftg§K:-?^Tl£lKU, *n<£ t)#htiZ>ft1fs>*7 *-f -%
*(±, ttfglHiSS, ^±i|iig§^W-a-T60 dB, ffimmM^tisT, 10 kHz ~300 kHz c^
gpcS＼'ei＼b<^Wt"5ci^S^f:o teiT*, AEci^^+"-fcHu-C(i, H-S0^c^^*j





2. 1 te D to (C
66),67)
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AE count rate ( per 20 seconds )
Strain( xlO"6)
Fig.I.2.1 AE count rate and stress-strain relation during the
uniaxial compression test of concrete.
&f;^>f.^^^SPMK^K^^LTKS^S^c*s'M?>tX5o CCDlg^fi, L' Hermite25),
Ro b i n s on bo&mm, (Easaa≪T?o≪smtftSfsffijK≫i-abTi,">ao ttz, ^c≪#c
M8c!lf£KlSUT(±, S5£*Jfti ＼stztt%T-＼±Wtf£(Dty , 1 <JMWZ-&r>X*Xsh t^b%
19-
SI 4 ^ffl≪≪ifgi≪(<:J ottlSiW.
83)
AEc38£SSrcBWKUfc≪gttAEc'KfttH:, ^O^L/^MTT-at-n^o &JH#≫K*JtfS
A £c≪≫&#■*?*** Kaiser ≫i,*≫)igbS≪JIK*StffcW|S|**, ii*c≪^≪K^a^≫
4)
OCti!), S^T'ti, 2LcSfHi*-f-≫f-^l*tl?lftlTl^o
Mt)<D 70 %~ 80 %c^MBKtt:-U*>^t>n^l^ t *^Ml^fc0
84)






ctwi, ft*:SffiJiE^Jc^S*≪ t^±flK*#≪L/fc^F^T*c≪ji!feicS^ttc^f'S t'tcipj




ftff^>o $?.(c, cI5n>^ <;-hfit)cftif|S^T'c*'fif-S!i^n:^i,->Tfe%^-r≪o





2.2 3>* U-hSBttfCfctfS -h*If―Sft*
2.2.1 H&ffig
(1) ttiR&tt














Fig.I.2.2 System block diagram for AE measurement
Tli, P ZTJ£≪*^900 BA-8 D( ≪>8mmX2ram, n-h^MMW^, 1^900 kHz , fcfffl
(2) ttKft
E^ififSTo*^if-a&soim^ffl^fc≪as(*≫4, ?>io CmX2o cm0-mi£mm^u≫t,
10.5 cmXl0.5 cmXl0.5 cmCDHftESIK^fflttK^T'i^o ZtlblZ, Ztl^tl, |ffl#≪i U
TSffliSV^^ffliVi^e^^-n/C 7j<:-fe^> h : %- o.6 : i.o : 2.0 ) t ^> ^ y - |>( 7j<:-fej(
> h : 6J>:ffi#W=o.64 : 1.0 : 2.0 : 4.0, #fi-*^＼Tffii5mm ) t*>^-3TP3.
> h : S>: ffl#fcr= 0.44 : 1.0 : 1.99 : l.si cn >* ■;- M± ^(C), I^S2-&T*^ffiDio ^ffl^t;
21
%-W3B^ >^'j-Hif)(RC), 7j<:-fe>>h : %= 0.6 : 1.0 : 2.0cle-g-co^fS^i^-'Wi
･)(RM) *3i;O≪≪f5( D 13 ) 2$:%ffli^;7J<: -fe> > h : $>: ft#ft= 0.5 : 1.0 : 3.61: 5.73
c^ffin > ^ "J― H td:t>(NRC ) , ≫i*fi &!§≪■?2^°--fe> MAW:* : -fe^> h :% :|a
#W=0.42 : 1.0 : 437 : 4.37cii≫≪ii^Rf53>^ >;- h≪t) ( FRC )c 5at^T**5o
£i,Tt?ti, ^n^^lB-^T'RCiiitiqz^JliiCf5*>*, %<D]ffi£<D$Mlt±, Table 1-2.1 K
Table 1.2.1 Size of model sDecimens.
Size ( cm ) Steel
RC 10 x 10 xaO ( d = 8 ) D 10
RM 10 x 10 x A0 ( d - 8 ) D10
c 10 x 10 x 40
NRC 10 x 20x170 ( d - 17 ) 2 D13
FRC 10 x 20 x 170 ( d - 17 ) 2 D 13
7p-t°S*cd(±, fit)±BA>S> <D$fflW% %7F?'& cT*^* t), NRC, FRCttii, 06 mmc
iS^^-7 7'/il/t20cmf^3LT'ffifflLTl^o ^ciaf5ia≪, Fig- I- 2.3 JCTJvfo
D
Fie.I.2.3 Sketch of NRC and FRC specimens
(3) mmism
64)
=i>* !J-M±!H±, ±T2&MM(D$WUM%'a-otZo C, RC, RMfeUmc-o^Xbt, *>*
> *30a≫(≪^raBl0a≫), NRC, F R CttMttKo^tli, X/N°>fil20os(≪#PaPl 20
cm )(D1tfWWiMtt£-oTlt,
AEtHBOKBlyffi, AE^m^ti, ±T≪K≪:0**SPKi^≫cgaJfUfco ^UT, Fig. I.
2.2tC^Uft:M*ii*iSS, #SlJ^T-&*3-a-T 60 dBifffil/,fflia^T'iilO kHz ~ 300 kHz
-22-
JtUT, C, RC, RMT'tilOO kHz ~lMHz, NRC, F R C T'fi100 kHz ~300kHz
2.2.2 3>*u-i≫, ^ji^ji<os.m^m.T-coti^v-^im^mt-?>mm






Strain ( xlO"' )
Fig.I.2.4 AE count rate during the uniaxial cyclic loading test
of mortar.










Strain ( xlO"6 )
Fig.I.2.5 AE count rate during the uniaxial cyclic loading test
s＼-f r*rvn r>■*･a +■Q
fi g. i.2.5 cjfo£jc^^ia$s£ji,n[±＼na≪*^ac&j 70 %<DmMWMtx^m., s^isi
ifcn3ct≪≫?1nfc. <:c*-f-tf'-s&mc^^i"5Pfi^(±, ttfKSc^ii^^^fc'^Tff p>tx
**fiWK≪UT≪3^ttft:fiaap≫*^u, F*3Si5≪iatbrg^bfc!Wi8TcsjRT**a taws



















Load ( ton )
Fig.I.2.6 Relation between loading cycle and AE count rate in the




















Load ( ton )
Fig.I.2.7 Relation between loading cycle and AE count rate in the
biaxial compression test of concrete.
25
miffim%mt>is-c^Zo tti, zti^timffimfftfiiintmziFistzo Fig. 1.2.6＼zxn＼z,
tffX'h*), 2c≪#(C5SL/Ttt, AEti^ibTl^o ^Lt, WM~fi＼a＼(D―SCbTl^ 3, 5,
7*5^^2, 4, 6 ctc^tftb-C, ^tl^tlltli j-i?-%)mtf5Lt>nZo l>tZ&~>X, HCO^^0
F i g. I. 2.7 T'li, n > ^ >J- h#t^^(cfc(t S≪^ffflBiO^(R]fi!fi?tt*>*≪t< fr*>* o *^^ ^
WiU&^^bWmK, 1 R15＼a}<DmM^LTl±3 , 5, 2 0^[q]c≪^(i:>itbT(± 4 , 6i, ^
tL^ncRca^B#^c^ift^:HK^aST■AE^i(it^i:^*bTc^j:^o
P5, lft*>'ot, *-f-tf-S&*(i, SKc^"lSa*T-^≫ft:^≪SBfc5sf-r≪^pjj^^fB5e:
iiMb'Si^^t^jES-f5cT**≪5o ^■cJ;5^SE:i?c^7^^*>f.ciTf:^^7^^ciiglJ:




Load ( ton )
Strain ( xlO"6 )
Fig.I.2.S (1) Load and AE count rate during each test of mortar,
and (2) stress-strain relation in corresponding tests.
27




























84)iSO4l^t*5b*>S. Goodman -ciftSJtJ:tltf, 2M 1f-a*KttHOS≪ ( fifcffifcc




(i, -ttffiiliTt-cAEc^4fiti, 3>* >;-MtfctfSFig.I. 2.1 tfig'SST**^


































Strain ( xlO"6 )
Fig.I.2.9 (1) Load and AE count rate during each test of concrete































































































*3(t≪i' 7 ･>^cgffiiiST5, ft^HS^at^lyT3Sf^*st*cgaSS*>ioHi £^£(£§1
2.3 a>^U-h≪#c≫≪lilg<t5Bft*S
2.3.i mmnm









Fig.I.2.13 Monitoring system for the accelometer.
-33
mmr-li, F i g. I. 2.13 (t^-fj; b ltm$&t UTJtfiigat ( B &Ktt5Sl, 4344 ) *ffll^ttiffl
g≫&#fjf bfto tcggtiFig. 1.2. 2cH-SIJ->^5iAj; ≫jfefgt^^ic^ ( lkHz~20kHz)
(2) ^≪≫
T?cAEO5S^HK1*tt*il'<≪≪iWKttsnfc*0-p, tK:-fe^> N :#:ffi#≪=o.54 : i.o
: 2.06 : 3.08(DWM-3 >? u ― h, * : -fej<> h :#: fi#W= 0.28 : i.o : 0.78 : 1.86cdK§S
gr3>^>;-h, fcJ;0≪7j<:-fe>>-h :ft>:ffl#≪=0.48 : 1.0 : 2.14 : 2.38(DmfflmWk ^>^
iJ-h*fflivc3a≪c^S5='>^ >;- htifjT'^So cn^i, w^nN, h, f■>';-**£
Table 1.2.2 Reinforced concrete beams.
＼ No. Size (a/d) Steel Sturrup(pitch/cm) Fiber
H
1 160 em (3.0) 2D13 8
2 160 (3.0) 2 D19 4
N
1 120Cm(1.5) 2D10 10
2 UO (2.5) 2D10 10
3 140 (2.5) 2D16 6
u 160 (3-0) 2D10 10
5 160 (3.0) 2D13 8
F
1 12Ocm(2.O) 2D13 0.2 %
2 120 (2.0) 2D16 0.2
3 120 (2.0) 2D16 15 0.2
4 120 (2.0) 2D16 0.5
5 120 (2.0) 2D13 0.8
1>X, SgtiTable I.2.2 JCjflfT* £, Rfpc ( a/d ) fi-fe>i^/Oit^St)ltl-'50
'ifc, ttiC(*CD≫fffi{iiffiXi^#=10 cmX20 cm, ≪!5SI#d = 17 cmtl, ** -^y'/fCfi
0 6 mmOftl^fflLtOSo
^2afcttSC{*tt. ≪W£F ig. 1.2. 14 fC^-Ti5^SRCi≪gg<SS|]cl@/J^ST'*!),
H^fi, 'NftcsRCgW^ijjfifeD^sttfcBRoSSSiigJtSES^rfTfeti^o *cI8, it≪cf;
_ ^/i―
,sso,
Fig.I.2.14 Sketch of SRC specimen.
≫M<＼JT5$ifictt^SRC#:gM*(B) , fJZMWB<D$>ZSRCim,≫(Q , *$≪fcO<8fc§f@
n>tt*Hmmfc£^rm&otzRcmm&(D)(D3WM&mtfi$tiTio cmmar-a, Hcffiffi*>
^ y- Mi, tK: -fe^o h : ft>:fi#fcf= 0.56: 1.0: 2.34: 3.3i, Ktt3£g240 kg/cm2 c
fecT% ≫#SKffiJ±Ass/Asr=s=2.0 , ≪Hn > ^7'J- (>j±;As /Ac * 2.0%T'*^O
g§*jgtj-^^(c#oTffi*#nfc^/N°>s 14 mcpc-fuf->->3>Tsmi*ffica(fK^cig
(3) mt^iS
SF^H^cH, N, FWi$(*T'{iTabl e 1.2.2 lC7Jk[stza/dlZ±Z,*$$F.ffiffilZ-£r>tZot z,
AES^Ii, ti*?CDPP^SPfe1/<(≪SI$(CIS*U AEg+SJtL/T(iSJa*i^(<:jSDT50dB^
1->L6O dBifiSU 100 kHz ~lMHz *^lMi 100 kHz ~ 300 kHz cSSfC^T'T-'-f ^.^
'JU"^U 100mV^S^.5 6ccIS^IttU/:.
M^-HRlcSRCttSS(*T*f±, (±f)HiU^Wffic7i/-A(<:g:gW;i>+^+(cj; tj^Hft^ft







Fig.I.2.15 Transducer array on SRC specimen.
35-
ttgflKfc^T, AEaf0->^fit1i, g|$;W＼r?££3fftbT60dBiS^IL, 10 kHz ~ 300
kHz (Dm$.W$T*y-U 7.5 U U^;l/&300 mVfC^^bTAE ^IfiiUfCo SP^Sti-･>^ r A T*





































Time (minute) Time (minute)
Fig.I.2.16 Load and AE count rate during tests of H series
snecimp.nfl.
36
HI, H2#tft$ft:c!£Jjl£Fig. i.2.16^-fo SMttKlJ;iB#|gltt&,ii$tt≫z:{i^fi*J≪fc^10 #
hi, mommt, t6≫cfijf≫≪*^ufc*j, Hi#tKi*T-(±, AE<Dm£.me.mmu?y








































Time (minute) Time ( minute)







Fig.I.2.18Load and AE count rate during the test of F series
specimen.
asiftVc&K, ^T-fe>BfKS**Dft:o HcS^±, H2, N5WK{*T-cAEc?g£^Kj£JI
CcJ:5≫c, H, N, F->'J-;**c&ttHftKtett;&AEiggcig£^i!)&, ≪*4cl@iS^fe*>
Wt, N4, H5&Mfo<Dffim&, Fig. I.2.l7K^-fo C CD2 oCD#tK*CDK≪ilS"^cAE
cfg£^tt(±, Hi/y->f≪K≫i:≪t<≪WHUT*J≫), H≪lRl≪i5:≪≪≪W!-P*%5i≪iaBSnao






















2. 3. 3 ■ftKftCfcttSttffia>9U-h*mRtt*fliE<hAEaSCN<r≪3Btt
Fig. I. 2.19a)(C, ?>!7'j＼'y-i>itJ:'3?M%.lstzSRC<DDtimmt*3tfZmB^%yF
to mmmn&<Dmw.6Lm*7r^, mmt,tm&m%%t>br^zo tufctzAEmimmzFig.
i. 2.i9b)tt^fo mmumffl*, mmmmmt iofmRAEtiv>b＼s-b%t-itz0 t
tz, H*c^ao toncS|55}-(±,WMbii-VJ t ji<ict>tz-orfjt>titzm(Dfo}t'&?g>%%t){sr^
f>^*i>T*3(), ^■njyTcS:pg-c:-r-ci(^/><>o?t)n*5^4iyTpr;tstin50 ttz, sfi?f
cIS^*/fif-a^5m?.n5o ^bt, AE(i3.0 tonc^M#fi*>?>S^Urfcf), tntifT
?>ifS^@T'^^^^a^i^of;#B( 3.0 ton~40 ton ) t J; < >tfJ&LT^5O $?.(&, ft^:
D, AEAS^^-TSCt^^LTl^o &fc, ^≫^A, B (tJ;5 AESgKcfg^tlftic^(±,
Fig. 1.2. 20ftCQmfc<Dt£%:%7Fto Z<DRMfo(DWfc>tl%,£Mmi±, 5.5 tont'JnW,
AE≪^c#fiT―KMSIIvTfcf), tfr, Dffi^lit^iat^^^^gcD^DfiaO ton~10.0
tonc#fiT-, AE(±^fgiqg5iL.-tV3<, ^ffl|4li^Sb<l,fttf, 9.0 ton#jg-T?ii^[it
^^bf;#, -S^?.≪t, 12 ton#fi*>f,if[iti>r^R^itKS5ti^ti*>^0 cm, c
c^^^cKS^Sfci^iili^, ^ci5^ttc$Siit^St3 6c-?&<!>5 =
R(C, BttK^Cgm^Fig. I 2.21 JC^fo AE^it?^cM5^fc^r^5i^i:^^-a■1I. 8
ton &f; !)*>?>^4U&&, 9 ton#fi-e^^L, ^c^c^K)(iCttStt:iS≪UTl^o
Sf:, JP^SH-^^^A^f.ffftC, Dffi#tSW*cl#≪cAE;fc?> hi/- hc|fS[J^:*Fig.
I. 2.22lC7Jkt° L(Dmm±, Fig. I. 2.19, Fi g. I. 2.20 igft-o T, AEMS(i*Offl*> ?.^
R(cs^£T'jfj±iu-c*3≫), Fig. i.2.20 ＼-c^hnzxof^m^nomm^m^t^^ £c<£






















































Fig.I.2.19 a) Lateral deflection versus height of SRC model D,
b) Load and AE count rate during test of D specimen.
40
NrO.41 (Mt=0.68tm)
1.4 ( 2.38 )
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Time ( minute )
Fig.I.2.20 a) Lateral deflection versus height of SRC model C,
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60 min. Time (minute)
Fig.I.2.21 a) Lateral deflection versus height of SRC model B,
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Fig.I.2.22 Load and AE count rate detected by the accelometer system
5 it, 3£ftcKSWl£^#>£{≫J^>c^*^^IS'), AEizm£.lste^£t%7jsLri^o
i>of:= 3lHtc, *<D1: 5 %&%&%&-?, m-> V -*"cH18c―^, Attit(t^o^TfiMffiT-
PC/l/f>-> h >TS!^6ffiC7)H^iS≪tt^bTAEItaiJ^f7of;o ^cfllfKilT'CD||^^^
* F i g. 1.2.23 (C^-f o *^?cffi *)#(tfit*fi0fp≫C^bfco g=fc≫),OTt>tl,i4ilil4ton















-Ki()cfttfssifctiifc(ta * -f^ -astcilLt fe#^^Jn^.r;o
(0 3>>>>;-h, *^^^ffiSS*c―ttffiftiii$Jf£T-(±,AEt±SS0cM5gc^, WW>-?h-<D＼k
Zo urn, tn*MA.timmffin(DW:<Dmt)&Lm-ffiizRbTi,±, *(D&M&%WB:t>>s>m&AE
44-
(2) ≪BctflR]ffiKH-fsrHffiieKj|c|$£T?tt, -WH^ffic*^ 75 %£iTc≪ffiJHK≫tt*
br, *c*##, ^(q]fe^≫rHRjS^tt≪i^^^SSfCAE*5^^-r^c:i^g&p)nfco ft:
f;*L, ^^*;MttRftT-≪, ftcC^jiBS£&#(£, AEC^ftiSlif <S<, *c5!fU;i;&>&
WiSt'lnfc, tti≪fc≫),≪#c^(Rltt^i|-r^SSi3>^'j - ht^u^^cF^SiBi^cD
*, ^it, ^n(±aBc^[Bist?-a-&ft;^a≪K^jST'&^o
(3) ^^≪cB#HffiffttKo^rc^^t:-(i, (HiKtfeil^^OSfcKKftl^&ISifj^^fcit*,
Sft^clllfc:jiiJ£miB£≪HGUt, AEc^^Mffi≪HK*5 ltTivj:i^ u-^ ->a^ttlStt:£
RM4&Sm.i£.<l±,*>tt≫)BI|r-**5 to5*iil*f§ft:.
(4) R!5n>^ "J-h≪f)c*'f-if-S&l|ft:i|-f5||i|}<:J:≫),ccJ: 5 ^=3>^ ･;-hSUWJCfc
i-'Tfe^'f-if-a^s^^nsc tA^&^nfto La>Utta≫f>,±^ci^mi&#S:i"*x(i*, cc
c^oSF^oiS^cS^ie'ii'iciorS^ur^a^i^^o^^t ut, fmmffl&teZfcm
≪*wa3Sffic*j^*s*s<usp-fSo ≫≪5c?iS*5n>^ij-h≪t≫)feflfttnif, i±≫>cfflif^^°
^t5≫ ^S5c^K*>J±KWfi^n(i*, RffiR≫≪£iUtAEfi, li^^WW^i^tSit
iti8gtt->*:f A (CJ:^ IWJISII£ A EltfflS*£ ctb^*> 6 , A ESftOja^tbW*(t 5 t £
45-
c(DXoK, *＼-ecH§H8£J: ≫>,AEc36^KcBB*aS>DfK*ct1ifll|g3fitt, BH^ffl
*fl|3t!^ciKl*5J:0t≪^ScJiStt^iJffl-r≪ct*>*SI^F$tt5o
46-
n 3 ^ a e <DM$u%m&frftKmi-z>%^82}
3. 1 IS D to(C
n{a) = ka~mda (j _ 3 ―1 )
CCT', a(4ia^cft^jgtl, n (a) ti-?-c≪^:ffilfilA5aa≫P,a+dacWc3SMT'A-o^^^
62),89),90)
fef;?.1-fectL/ra@$n, ±Sffl^iScm(£S?UvN°7>-*-tUTffl^£tvt^;5o
ifiR^c^ffit?(i, Gutenburg, R i ch t e r #±fcRc≪gi( v**^ ^ - K ) *R^*>?>
M=loga (1 ― 3 ―2)
logA?=a-6M (1-3-3)
££T*, a, 6 (4S|S(T"*^o
^c^cW^E^J:≫), S( I -3 - 1 ) tJC(1-3-3 )(4IHffl'j:S;-c:-*52ii*5S!ft?.nf;o








ttz, itba^-C(±S( 1-3-3 ) cIttiwi^t, ^^c^E^^^ii^tftiS^ ? ^
u-is
sec 1 -3-1 ), sec 1-3-3 )cw^^t±^a^fiSc3ii-5cT-*^5*>o figa:fst-rnti,
/££Scm,bcfll*3j;0{^c^SWK*fit*5'asc!6>o § ?≫(t,fig^b^i^jr^jf, t*cJ:5^iiE








( 1og P -n )fimmo&^MMStftft ( logN-M) %Mt>br^zt%A.tZo ^(omm＼ni.
-48-
0 , £J,Tc=t5 (ca^Tt^o
^tt, RCDif5E(i, ffi^ilg|it:-(igSiig( percolat ion process) iHfii'tl^ife
99)
pological distinct channel network ) t W£tlZH>im£L%I.lC≪t^gfc^Ofl&JlMUi, ^>




iiSliW^ffi^J:5 it^Ililyt, U-h-^nHz^.(rate process) il^fi'n^fec
W＼%b (t) , Hlftga>*B#£lJt ST'%4l/aPT'O5l$^p (t) , ^cffi^SSii^^q (t) i










Jo Jo 0 (1-3-7)
cox 5ic,mmb (t)itjomwc―str&tti o, sijnscD^f^^^jis( u- y >tcia
af^ tot^if.nws. tf;, s;(i -3-6 )it±n＼£,-bit, iogp-t mmo'hi





(4) ^7^^*5ffUi^^(cgaUfU<SlTni, ||i^^^:(i:5$:-REaS^J:<^^. ^cS
(5) a^ij^it^^^*, e^-gsH^tiiof.t', jfn^£'ssc£*j*2o tiD^^c, frn&b
-50-




^K*uf;= ^ur, g(A)ico^T(i, voikov Rmmk%M*m^Tmm*mm＼;T^z>o
(1) ffi≪3lJSS≫ff≫±, Gutenberg - Richter 5CiJ:<-iJU, ^cSitbfKi, £&
^cJS^iiSPt t&izm'Ptz* ctn±, VoikovCDSiiJ;!), jS^iiiSntc^o rttl4c?iK^
@ ?i ^ *t＼*>±§j!raTs c (^ j^ b r ^ ^ o




(5) %M%＼＼$gB£tt1fii)i,Gutenberg - Ri c h t e r 5Utc S>T, IfftL*l t ^ 5 c (i, ^7-^
^ c^i ^^ f>o≪^#tatt:cWPStt^J; -or^D^ t^ji f,nso
£l±cJ;5(t, 3|*, Scholz cW5ET*{±, AEc^^R"!?c!!^^!-'- h ･ -/n-fe^. t I^T
tf:, 5^-SSESS;*^^(i;Gutenberg - Richter StJ±, mfl, b{I*>SiCi$tl
Ti^tiJ; *). S6ac^≪^i^- h ･ ■7v-bxlzi3VZ＼s-hS.temM!.£3%&.tzCtlzrj:z0
103)
^cu- hfi, -St^^.?>n^ ) &fT-?T, ≪IHti#tif;AEcbfifi―^T**o^tf5≫**
ja_tcISm*>f>, AEOSS^S^^^SH^-SSfflSfe^^Gu ten berg - RichterSt'
51-
3.2.2 A E (DfitlJJiiaflEftffiCH-rSSIftft*!*
%£.r°,£*TT*&, ttfWT*cSe5|5cSf9£^S5fbT^|5f*3!)P^oo, WMcK≪B§(^if 5 AE
W*4c≪Siig-e^4-r^AEc^^(<:o^r^^T^^i, ^cfi≪Sf&{tfc(j-^SS^iJi


















Fig.I.3.2 Relation of log N - log a
Me = log a (j_3_n)
*£-c-,Fig. 1.3.2j;tj,ug^om'pm^tx^o'W.'R^mMvr, com&om^w^-h
(Me )iftiff, ^ci: 5 K&*o
b{M°]= -as:(logA0
£tT', b(Me) ^ 0 -e* *3, b(±S$rt*&< , MecHi(i#A.roSo
(1-3-12)
3;( I - 3 - 12 ) &, m^OU- h ･ ^n-fe^^fC*}^≪iC( I - 3 - 6 ) MBfK&ST***,,
Ctlli, Fig. 1.3.l<D£olZ.&t)§fi:ft::&W.%.bfc%^i&&7r;t&<D'V$>Z><>
logN-Meffi^ti, ±[ca^fl^i/j: <o, ^cg^Wi^Jieti, ^P^l^^-^^-K Sfe(≫5
















Fig.I.3.3 System block diagram used to obtain acoustic emission magnitude-
frequency relation.
(/n°,i/*/W YT1-7 4if- ) tit, ＼R%<DKKMW.*%RWd＼Wi&＼z.£-?r%WtMfcfiWi＼s, =&
^cgptcffid^w-f^s^cD^s^n-ic-rsgs^T^So Ei,Tcfi!gm±5o dBi^gu 10 k
Hz~300 kHz c^^^^^cAE^^tiiUfto LCX＼ &iS^*T^cJS|iKPgf±^iJS ( r* -f
^.^ 'J? ^･'f^ - )c^^-? ^1/>^^II/T, 0.1V, 0.2 V, 0.4V, 0.6V, 0.8V,
l.OV0GmglZ&felstzo
(2) ttE≫
tm^&ovwxztomwi*) (B)cfltfs&KfflWK{*t, -wffisis^fflcRe#tK*(c) t
-54
ctibte, Zti^tnk : -fe*> h : # : #fcf= o.39 : l.o : 2.0 : 2.5 cSiB-^ >^ ･;- h
(CR),7K:-b^>h:#: #≫= o.5 : 1.0 : 3.o : 4.0cftSS-a-^ > ^ y - h ( cp ), 7k
: -te^> h : ft!>=o.4 : l.0 : l.ocd^/v^^Cm) c3aScBS-&Kj; (jf^SL, 7j<fp*S^l7
ofa #tKf*cffiES(±,Tab lei. 3.1 left. &7T*&, ±T*|3^L/fcE^^iifi'&-a-Tfflt, C^
Table 1.3.1 Size of test specimens.
Lo a di n g Series Size (cm)
Notch N 4.8 x 10.0 x 39-0
Bending B 4.8 x 10-0 x 39.0
Compression 1 c 10 0 x 20
Compression 2 T 10 <h x 20
3.3.2 mm^^u^u^m
-Xc#tK*ca^g^J: ^f ^ftfcfifiJSU^SefrfiJ&Fig.1.3.4fc^-ro HfPc§ft^(c#b
^{CBv/'J-Xc^K*T*c^S*, F i g.I.3.5(C^-fo C0iii±Kflia2fiI*fl/
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Ampl i tude (V )
Fig.I.3.4 Frequency ratio of occurrence versus acoustic emission amplitude
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A mpl i tude
<u 0.6 0-61.0
( V )
Fig.I.3.5 Frequency ratio of occurrence versus acoustic emission amplitude
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Amplitude (v>
Fig.I.3.6 Frequency ratio of occurrence versus acoustic emission amplitude
( magnitude frequency relation ) in uniaxial compression tests.
<D7＼i.W-^m^＼i, H-aiJ±c^SISHc-tKT'*s l. 0 V≪t 0*§i&§!f>/()5f§£L;fct<:6*>;!>>£>?>-f,
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0.2 OX 06 0810
Amplitude (Vl
Fig.I.3.7 Frequency ratio of occurrence versus acoustic emission amplitude
( magnitude - frequency relation ) in bending tests.
mmr'<Dmmib>^, ^c^c^v^-^-k Mi £#ai-3o
Fig. 1.3.8 fi, Fig. 1.3.4~Fig. I.3.7≫^U;±TcHRliig**>P), 5pfe)v ^- 9=-
^ -
K Me cfI%≪-#Sg:Pg(2:^lyr-/o ■>s lstz&cD-v&zo m± *), B->'j-x, N->';-yC/S
O^nhT, C->';-X, T->'J-X&i*cEij§K&cii^T'{i, Mi (i:(iiAt^bb^C^C
i*>t>*>5o tfc, ^gSSS^FT-C^^lv^-^i-K Sfe cflli, CP, CR, M&attcJlf


















Stress O"/O"y ( % )
Fig.I.3.8 Mean experimental magnitude Me as a function of normalized stress.
£i,_hc≪£5 K, SS&KilgT*c A E OWM^^OWiW^Wi^W^^ f-^ ^ - K Me £/n°7
tif;o^iJiL/T, Hi/y-x≪K*t?c||^^*^Fig. i.a 9ic?Ft°wmtf&z, tcIi^
^S≫5fc&cAEfI?a, ftK^W^tc^Mbf;^, HittiSft^ttfiPp&SlSKfcAE^gl^
Aii'KBb^l^, H1C, H2-t:1i≪^ffl^fflA>?,53-ii5ffiS≪±^'^^:#<Stl)bri^o(1c





























































Amplitude ( V )
Fig.I.3.9 Frequency ratio of occurrence versus acoustic emission amplitude


















Stress O/Oy ( % )
Fig.I.3.10 Mean experimental magnitude Me as a function of normalized stress
in SRC specimens.
H&Fig.I. 3.KHCrrfo HcB, CttRftftfcttS Me CDfc0-^t So r^ZffimWtmtt,
60-
3.4 #^<Z>*£il
(1) AEc≫§9JSK5W|3(2, cfc-ggffljfc&^fiGutenberg - Richter sCT-gfrS
･ t'ohz^cdi^- hiciliau, #ta*cWHfcJ:CKSSR^SI^ffi#t"^Ci*5BJf)*>ic^o/-;0
(2) ^^cS*, AEcgfISU^g5Dvii5ft^a, ±KflAj:^fS≪^L/, #taftcfaf4fc=fc^fffi
tZtzttolt, ＼-i%^?*-3Lx.-h' Me &i§A.L-C*ttl%tfffitZ>£t%m.'^:＼stzo^c{Iti;, u
m%.＼£,m?umv＼z, miimmmmM^h < n o, -≪esik^cj; 5 ^^< c^ 5 -^^
(4) affin >^ u - hfliiafixofflMiag-coAEofifiauss^^ftiSfe, ^(i o-tt^Qt^^.^
/･?7^-^-ts$nMo:?.'ii-＼
m^^t y-HWKf*feJ:f>*SRC#t|S;≫:ca^Sm^?.Bje,^(CAj:of;j;5(t, AE&JgcgB
cSffW^ffi'ftti, fitS:friiJc*Ti＼im#S!il£:f7*J5t-f*S^f±, P^^i^^T**-55o tf:,
-61-
||4$ A E K£2>Wi%lM&&KJ$S"$m2>%&






cho ＼z*£}:lCWlt.>), gfi^tiByer 1 ee i Lo c kne r <D&£ii)iM.Z>tlZa
f;^*U, 3>i";- hW≪*J≪tC^≫^^^cSffl(ciiUT≪, ≪^i1-^c*s^g^ScJ;5'i
―flgK^HWftT***?■.:≪>, AEficti^filftWpliia^o ^tiKD^-, 2lcS#f(i,
&W-H, CR£?te^Z-(Dt>tlZ, AE<D3&E<ft&ltMtZ&m&!teW?.(D―Mt[sX, A Etc
108)
4.2 mmwM^ik
4.2.1 $≪iM$£<DlSrg i 1;*£<£[≫
62-
&&ST **>c■£■**),WMm^tmmomwM^m(source locat ion jt&A,?,^*






Fig.1.4.1 Waves transmitted to a transducer from a source.
Fig.i.4. iK.7F.-tkb^mmt-f zAEmm^-To ^^.^tLX3mtmm^^t $, iss
cS*?T,- cffiit£( a,-,b,-,c,- ) i-f^o CCDt § , mMMZS ( x, y, z ) , ffiigOiaiS
g&Up , S *>f.S££T'c≪cil≪B#PB1£ t0 , To £Tj T*CDigSSSJti)cSjaKFH^% t; tt"
･Ro= V oc2+y2+ z2 = vp U






















iU n : II r
V
/ s i＼SV y;
a)
b)
Fig.I.4.2 a) Locations of the source S and transducers T , T ,..., and T .
b) AE signal records of transducers T , T , and T .
±S≫±, x, y, z, Vp, to &*ftifcibfcAEK&?c$CT**£N4@c3*Ec}?liS;T**
109)
V (x-a,-)z+(2/-W2+(z-Ci)2
. (I - 4 - 2 )
-V x2+y2+z2= vpti (i = 1,2, ,/V-l)





Eu = tj(a!+ bl+ c?)- tt(a2,+ b)+c))







5£(I -4-3 )≪fcI). ti＼O, tlX0KZ>l£―&m$.rji£lilZN-2mWhtlZ>o
^ffiMt'45; WL, 5C( 1-4-3 )(C(i,ttPJx-^ ttAS^TOi^Stt^^nrfc'f),
5o 'Sfc,ccg:PgT*, SI2ig^-^cltPJ^gcftg%^'pj:<T5f;&fc, Iffflv^f-ac^ + >
no)
Vp*>*f&saT*,^^ ?ces*5 5fflcifH->XT-A%ffii,vc≪-a-%#^5os;(i -4-3 )r-




a,it2― a2lx, b＼t2― b2ti, C＼t2―c2ti
a-,t3―a3tu bjt3― b3ti, c,t3― c3tt
ail,― a,ti, bitt― btti, Citt― c,ti
±.3Z<D%mR'aytt*-$&>tu£,
a.iti― aztu b-iU― b2ti, Cit2― c2ti
a,it3― cizU, b＼U― bzl＼,Cit3― c3ti













-4-5 )T-2-5£l±O Duk *>*P^f^O ittfttf, fifecDiJk fc^TO fi-,t, 5£( 1-4-
4)c£ac^os;(±o i^^o <mt±, ±x<Dm$k^iim―sm±.fc3>z%&fc*iifotz>o $?>
ft, #lRtf, D234=0T-, ti=tj=trOT'JS( 1-4-5 ) cfr^lKfi 0 t ft%≫ ^tlti, ^
^^To, T2, T3, T4A>IH-＼M±^**), To, T2, T3, T4 *>6SS!ElKO9fK≪J≪aB*≪ffS t
zWiGittifctZc cn≪t>), 5j@c^^^c5 s 4 j@*5|H―^PBcR^_h(c*f), *cpgctfri>
^fi *)ffi(CSli^^Ji(cK@^*>^ffi L-Tfe, SI( 1-4-4 ) cffia cfr^lJSti 0 <!:& * ££**
111)
^JSbt, SKI -4-3 )c^oPn1M*%^-fS0
-oKli,a(|-4-2 )*5ptj5iyfcfcfe> SK I -4-3 ) £SK I -4-2 ) £≪, ^
■fbfeEIfi-t?(i^i^£-e*So m&R±ofc, SK I -4-2 )(i―*SftBc-^cftR^^
tt*J*5o ^-tlKDJl, S( I -4-3 )*>?>*≪>?,n^SPfi, SK I -4-2 )KftAt5CiK
fe5 iocftfea^^pH^(i, tt immmMi>i%t.nzctijmi.it,nte^tztb, sk i-4
-2 jCSftBti^ffic^^, H―3c£&£#:&i'＼&s, SK I -4-3 )(ijg&gFOt £T**≪O
Fig. 1.4.3 a)cJ:5K, lEft^OffiitiSo (0,0), SK 0,1 ) , S,( 1,0 ) , S,(-1.0)
tvr, wmmtH o,j)v<hzttn＼£,s-^ow&Bh, **,hafcic^sci-4-3 )tt
H*>?>ifT-*Stte*>-oTl,->≪*J,f+SMlKciord L^Sm&t-ztztirtUi, Fig. 1.4.
3 WOiifCtt*. 0Jf.*>^3ocDSffi^(il^-C;X^?.-r, B^L2, L,≪D3^≫±BIcJ:5a
firgtc^ssc, tzfih, cc*^(C(id^i-(cjg-^<(cottr) *<d£&( o,( 2-d-2d2)/4)
me, sstpofffiiias. s0 (2, o), Si (o, i ), s2 (- 2,0 >, s3 ( 0,- 1 ) ■*?≪*≪**
( VT7 0 )T'& *#££#;! 3 <,£1O≫&H, Fig. 1.4.4 a)≫Gf1＼J:5 KSXffl≫≫i1 ^T'X
t>t), WiW5m&<D2WM&―SSfbTl^o CfU±, SiIk6cS( 1-4-5 ) CD^IJS;^ 0 t^*
$-&c2&7cT*00OT**3o K≪g*>?> So iS2 tT'cggg|c^a, 2 YT "t?*S*>*. ttfiij^^
≪t*)diP5fI^^nii', Fig. 1.4.4 b) t^f J:5K^Jg^gS:c^(i(-^|^-, 0 )(C£&
f,n≪o <:c*-&(i, d*>2YT(cfi-^^rfegi^^(±(-f, o )^fi^|t, XcKSSi(±―
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Fig.I.4.3 Hyperbolas h , h and h and lines L and L . The source
coordinates are a) the actual source (0,1/4) and b) the extraneous
source (0,(2-d-2d2)/4). Notice that if d is close to 1/2 then the







Fig.I.4.4 a) Hyperbolas h. have a unique intersection point, but lines I^
and L coincide with the a-axis. Then any point (x,0) satisfies
the equations. b) The h. have no point in common, but the
equations have a unique solution (-dv^/4,0). For d close to the
exact data 2/f, this solution is almost (-3/2,0), which is a long
way from the correct solution.
4.2.2 56Ji2iF.ft^<Dj£3£
Ua>U&dSf), S(I-4-2)W (1-4-3) *ffi^.-&-B-/;SmS^J;nti*,3 RtcCD*
^■nii,≫S^S^Kftl£l>T, Wl*.≪,yffi^^<SSLT|U^cS;( I-4-3 )i f)1 &H
c≫**≫, s( i -4-2)≪t≫)^iaig*a≫iM-*o m＼mvymwi%&feisW.i;, a( i -4
68-
lft.&PM(D&&%fi?tzV)llZ., ifrfcUm Xa= (xa,ya,za)^tib, moma Xa+AX
= (xaAx,ya+Ay, za+Az) iz$>Zt3§%.,S ( 1― 4-1 )c≪ffl^% Taylor Mlfi-fn
li*,&cJ;5i<:ft-5o














j£( I - 4 - 2 ) Kg!|M 6j£z≫Ab, 5C( I - 4 - 7 ) %ftA-ftl(f, |^^ et JCHf * Rc
( Ax＼
ti=vpli- (Rt- R?) - (It- ka,mt- m?, nt- n?) A y
＼Az I
(1-4-8)
(t = 1,2, ･ ,N-1)







5£( 1-4-10 ) &Btllffe*>5J;5^, 4Jf =0 £&3c(± 1^1=0 c≫^T-*^O C
tllti,5C ( I - 4 - 9 ) %#^(C-f^(±*, ^ ( I - 4 - 2 ) T'^ga* 0 CD#-^^^jSf Z <D＼±Wb
SSI^^So ( 0,0 ) , Si ( 1,0 ) , S2 ( 0,1 ) , S3 ( - ^j=-, 0 ) icmWStlTis*) , Ml
%<Dfa%k, S( I -4-2 )c£3cfit£bT Bpt,= y, vPt2=＼, v,t3=j tm^titz
ttZ° C<D%,£KH&, Fig. 1.4.5KSf ≪t5 fJi,Sft^til^T-Jc^P.f, l^fi<KPtt, 0
T'^bftfirB(caSjS.$n^Pa>*feP>n5o ft&itJ: ^*&P.tif;Sft^£cgM≪, Hf^l/fc
Kj, K2 , K3t£J;-o"C,



















3^7CffiR≫(x, y, z)£3fjl, x, y, 2 c^[q]cffi&cB≪aS;l'^tl^n t)x, uy ,
113)
uzt-rmf, 7?i^^s( 1, m, n) £i"t-3#[FU^cB*;≫Kuf±, ^ST^^^ti^o
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v=J vif+vtrrf+vln1 (I -4-11 )
^a+4X(t$,5t^^ao ^cDt#, s( i-4-11 )Hii/t, $.m&>h%mwi:＼-Ti^
c^(6]*S( Z,°, m,°, n,° ) ≫c≪t), SS3K % *≪Stt* iTtili, S( I - 4 - 2 ) l±,
tl =
<lxa+Ax- at)2+(ya+Ay- W2+ (za+Az- cj2
V (xa+Ax)2+(ya+Ay)2+(za+Az)2
±5£K5£( I - 4 - 7 ) tftKttl＼Z,
U = ±(R?+ haAx+m?Ay+m?Az)






























Tl^o tc^ffiT-(i, gfJtct§;Sw<;M<:i:*5B§P^^c^^5Plfgtt^*^, tfc, mh*W0







Fig.I,4.6 Block diagram of AE monitoring system.
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6 tt/jvfo AEfi?li, CftST'O^DfliSilHHiK:, p Z T,ES*?900 B A- 8 D &ffll＼fco
AEM^-ti, fflSltiB^, #gim(<:J; ･? 60 dB^IUT^tHbfio *c&, 7 ,f;v*--C*JS8RSi&
^^Ji^Uf;*^, Hl^cFig. I. 1.3 £#^(<:bT 10 kHz ~ 300 kHz cA> K^-*7-f ;l/£
-^SfflLf;o CtUt, $*--?･ jt^V-Vftffimi 1/isec ) tfe*tJSUT^5o =&lt!lO^ +
> ^;VT-^tU$nft:A EfSMit, ^ x - V ･ ^ * 'J- ( SaT-" -fv?^^ffiJg|31S^S) fcj:≫j,-9-
>yi; >^^HHR| 1 Msec T'lH^IBiLfco Ccg≪≪, h "J35f-MRa^4T'|31iS*T-S ≪
AEicgT'*^Ct^fflS!c5^, mffl*;r-jls%%,±V, -?>l/a-^-0lBi≪±Tlil mm
*M psec t^S≪t5^f5^b^o ^cWi:, ^gi5c=g-^cll^t?c^tbRg^#M^nf;^o t
fc, SBci＼tt≪, 8n8BSB2＼*#R83ttfc:i＼, ctiiO, ≪ESI;f^caoa≪FlBI^≫±SSte:R
(2) AE^KlCgS^tt
ffiSSSfifi, JlSffiJtai, Fig. I-4. K<:^L-f;J;5KK≪?i*>?.gSbftS;&ftK#:≪B^
&aotfc< ct(i, ffi≪ggi≪cffiSWffficf;≪)^fcj^ST'*^5o ^-eiT-, wacttlISB*
ffl^T, ^≪AEJiA>?)?l*f SAEffi≫cgfi|!|ttt^^>OT^tif1"So












Fie.1.4.7 Cylindrical specimen and location of transducers.
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IC-o^Tlt, fcffi<Dm.lfc%&m%tltz^)}C, AES8h^900 BA-8D&A, A', B, C, D,
E/SKSitbfco a'&＼z.&nisTzm&KwmftiBi 10 ^ec oisw^wM&^jv^^mmm (7
r>^i^3>'i>x^U-^- ) fi>?>AtlLtzigi'£(D%Sm(Dl^lJ^Fig. 1.4 8 a) ttTjvfo HJ;
w a Ik %
_t i -*-3f pi.-t









t3- rS-H- m; ":■=*■
-rl-tt-.
te-r> v/*












Fig.I.4.8 a) Waveform record of the transducer E from the signal source
A', and b) waveform records of transducers A and B from the same
source.
<9A'^lcSEEA;^, 34.5,usec^:(c, E^＼z.c(D^^^^^＼cX Sgai^iUSbTt,^ 3 c b>t>
4300m/sec £ff^[%tlZo at', E^T*c|0i6*>TlR]|tcfi[ffi^So Tl^ C t K^mt h
MM&hho ^h＼^, A'i)>h<DAtS^J:ZA, BM^T'&ftUfc^JgEfi&Fi g. 1.4 8 b) Kfj
t"o HT-ti, A, Bm&tt>teE&t＼&±<mteZ1&W)t>i%Z>tl, A^tB^c?0iJc|R]§{iig^
LTt,^o A, BM^iiA'i#t|Sft:clll― SI±K*t) . ^cf:&≪*>W$te<l^i *>
A, BM,^clOtt(±, $1$**('■MSSffiare**£:%*.?>ft*o !,->$,A'^fCj5l">Ct*>e, A^S
T?cS)ti^gB&, B^T*c|DSi%ffi^, Rftffilloa^^ti^^SBSi^^^i:, A^tc
Ilja^K^fi, ^ft^ftl9/zsec, 22MsectAj:^o AM~0i±^M^^Hittl1Zt^X1Z(DV,
%tl&3imt% tffijR&lg.tl^t 2600 m/ sec , Rffi&C Ray lei gh&)SffitbT 2300 m
//sec*5#e.ftSo Jlft&fi, Btf^ca&aS*>?≫?＼ttfflimftS'5^T*&fcSSSK>Rayle-
igh^ag(Cj;<-iSr-rso
$ ftT i ^3 *>H o t>>%%kM-f % i&Sc & % L t & t>t>>h o
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A.3.2 8&S3518 * cflf£ c&§E
80)




A (-2.8, 2.0, -7.0)
B ( 4.7, 2.0, -5.9)
C (-3.7, 4.2, 6.7)
D (-2.8, 13.0, -7.0)
E ( 5.3, 9.0, 5.3)
Fie.I.4.9 Transducers arrav for numerical experiments of the split test.
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Wlstli9i£<Dffim%Fig. I. 4.10 a) , 1.4 10 W ftfrf, CfUi, Fig. 1.4.9 T% x = 3cm,
x=-3 cmc=g-Kffi(c:*3(j-a§^( Fig. I.4.10it(±^cy , zil^l/TI)^o )＼ZMWM,
LtUC±fil,£, x = 3 cmcirBT'(4#tB;ftT^, x=-3 cmcKTBT'fi^|$tt:±g|5≫c*5t,->T,
x, y, zc*;&|ft£fc i^{KPc^t±*>& ≫>:*:§[(,＼, ctiJ: *3ffi^?cie≪c^Sc^.≫j:j:
･oTfe//secmfficilja^pK^c7!l-^T-fi, l&ffilHJSK^i^^dSgifrft, ^cfg(6](i≫fR
Rtc, -Wffi^l$^^iR^L, Pl≫a≫ffi||||*≪*?:o ≪Hff*7'^tbTH, Fig. 1.4 me:
fc-fi S^SH^ie*^, ≫&aS(i, ^^^ft-g-C case I ) tS^ttc&£*･£( caseH)
c2-Pcl^≪ofc. -?-c^S*Fig. ＼.4.i.2K^to mvmmt, case I T*≪SfflSKJ:5





































0 1 2 0 1 ? 0 1 ?
Vpi=3eOO TVs Error (cm)
b)
x=-3
Fig.I.4.10 Location errors in numerical experiments of the split test.
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1 2 0 1
Error (cm)
Vx =Vy =V2 =4300m/s
2
CaseII Vx=VZ =4000ms ty=4300m 3
Fie.I.4.12 Location errors in numerical experiments of the uniaxixl specimen.
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i^*l'*jVR^m*>X7-^fct3l}2>WM(Di&Mtlsr, Fig. I.4.7^bf;|RlWftK;tt:£ffl
l＼ Table 1.4.UC^f Pi, P2 , P3, P4 , P5 . P6 c 6 ^ttS≪bf: A E^gi^tC 100 kHz
<Di3MRM&%At)^tlo mMWMW^t, Fig. I.470A, B, C, Dtz:^≪bf; A ESSl?
*>?.'aSltil^fA*ifflU:. ^EH^5gc^J%Fig. 1.4.13 a), 1.4.13 b) (t^-fo Pt, p2,










P! (-7.5 , 6.0 , 0.0) (-7.8 , 5.6 , 0.0) 0.5
P2 (-3.8 ,11.0 , 6.5) (-4.4 ,11.3 , 7.1) 0.9
P3 ( 7.5 , 1.0 , 0.0) ( 7.4 ,-0.7 , 0.4) 1.8
P4 ( 0.0 , 7.5 ,-7.5) (-0.7 , 7.5 ,-6.9) 0.9
P5 ( 0.0 , 0.0 , 0.0) ( 0.3 , 1.2 , 0.5) 1.3
P6 ( 0.0 ,15.0 , 0.0) ( 0.6 ,12.6 , 0.3) 2.4
P4.*>?>cA^T?fiFig. 14.13 fL)(D?t(D&ltmV£5K£rRWI]lZTfi}tte-ir^tZo P5,
P6i)>t><D*j3<Dt%iaZ, Fig. 1.4.13 b)cP6c#|c<t5^, AtI^i^-RH±(J:ie≫$n
x-iz, b, c<Dum^^^^^r'wm*^mmtrj:^r^tzo cnbcnja^Bi^*>?.*≫fc^s
ifffifitl^&Table I.4.lK.S$*lT0 3o P3 , P5 , Pe T*ti^^*>* 10 mm &SS tT^5,
2in≪, m&<Dttb>bmmnMfimmfc±r<Difm^*^**r*&&%ntefr^tzttitmmt
#i>?.^5i, B, C^'Nc^[Rl*5Jp(i0ffiSc^mK^Hi^tl^<OAi^K^-oTl,^Ct








tf-=_ ■rj~'. 1 ft H ＼
■'-..]■■ 1 f
~Yi2:- i=="10jJsec; ''■ 1-


































Fig.I.4.13 AE signals of four transducers, located as shown in Fig.I.4.7,
from a signal source a) at P. and b) at P,.
friz, m$Mg.fcmfi&t>i$>z%i'&<DifemG>tfmt.ux, &ffi?^?y-ti,±i)*M^'cmmte
■mm&?Jr=1-ZottKftti, &g[5T*cHS£T?JlW.: lOcmXlO cmX40cmcj%fi&t£ft&D10c
m&WM―X-C-ffifeVtzbOVfrZo 2LcttStt:^J;De^gl:fciSg}i, ^gj5cTable 1.4.5c
1 D10ttK≫O2lHlScllil*#M#tl/-:^o ^bT, $fficggaKi±, Fig. 1.4.32 (t^$
nf;=&^fq]-eux = uz = 4100 m/sec , uy = 4400 m/sec t^fflU^fJlJ; t)^fe f,nf:o H
^iUTti:, Fig. I.4l4c0*KftJ;5aMf, ttft^#'t^^(c^i<£1≪ffiA;ft£775
;£≫e,ftfc8g*/£Kfctt*#iS!^c0iJ;&*Fig. I.4.14 K^$tvtv*o fftttfctii-^ii cS
g££, ifiStt^JiA^l^tCD^Si^g^t-Dfco Ctt, ^^^Kc*-&t(i, ux, Uy, uzc
5p^itbT, ^ = 4200m/ sec ^ffll^TKSSS^^fiof; fecT**3 o Hit), ≫^^ffic
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ttlS^ti:,7j<:-fej<> h : ^.*p^= o.6 : l.o : 2.0(DttSR*:***%&& b, io.5 cm X
10.5 cmXl0.5 cmc^aSil!^ttfT^bfc^, ^-ffct*- - ^c^T-fclWc^^ LT
･^ h c＼T?Sfi20 mmXl mm T** t),^'J y hffi(i^P3Jgtti'SS ≪t5 fctg-ftt*--^*J^JgUT
*5= ?JS#l S£gT8M!U, 7j<**^^l7of:^:, ^-f -V^> K*-^ -T?JP3ifti5 mm (c
0.05mmcr7a>i/- h^if^t btf ALfto fc#(i, 30 #PB1ft^)100 kg O^Bifft]*
tfii＼ ioo kgS(q^B&l$£pL, gR^^t>nc^tH*f7-3fco einttti, r-feh>^S|^u,
mmmm^zte, 3^^ >^^ottis[i^-^^A^a?^ufc*>, ^c^≫^cBB≪css^*Fig.
1.4.15^^-fo ^lt, ^tB$tif:&JgcSJ≫iciij!l^H^Tf-^≫cj:-oT,2^7CcWffiMfiia
c
Fig.I.4.15 Sketch of the slit model specimen.
(2) iOfc*S£*JJ:Ot#≫
^fl&tfWt&ft^fcAE^Clfll&Fig. I.4 L6lt7Fta ^L/t, flR?cifgJil,;£≪>?>ftf;
ffift^gi^HCW^Fig. 1.4.17 a) , b) , c)(t^rfc, 0*c 4ffl≪cEP(tJ;^ #nf;£*>.
_ ≪9_
,f










Fig.I.4.17 Sources detected during the uniaxial compression tests of slit




4.4.2 tySKgMC;m:tS4 31 + v*Ji'<o?i8J£i!&&£
WMUm±, 3>*'j-htt*4cgifg^*:fc≫*8≪affiiUT≪≫ttfc&c^a$, ftfcJE<
ffSltbTPSo *cBRoK≪≪MiKoi->rfi, llHB£2]c*-?£&ac*>. ft*:llKCMI*coI
(1) n^^s
H^^f7-^ft#feK*(i, ^15 cmXi5 cm cRSflgT'* f), A ( 7j<: -fej<> h : R= 0.6 11.0
: 2.o ), b (* : -t^ > h : #= o.3 : l. o : o.5 ), c (7j<: hz> > h : g>= o.8 :l.o: 5.0),
D (7j<: -fej< > h : ftj>:ffi#fcr= o.64 : l. o : 2.0 : 4.0 ) c 4i^ciB-ac*^^ *, n>^ y
-hcfcc*f^^Uft= S>Jifi?ig?P#*ffli,＼ a#^≪:*:!|agi5mmcffiffi£{£j3b, 20°C
W^^tWfglS^a^^fflbf;^. RSc≪t^ffiT*fiSHW≫^≫fffi*^JR#n≪/:≫, SOSc
SffiSiiS^+^-fcjiitaiiL/il^t^i^n^o ^-CT', *Hi|-t?fi, Fi g. 1. 4.18 (C/5-f
≪t






Fig.I.4.18 Loading equipment for the split test.
M ( 200 mmX 150ramX 8 mm ) *^-f * CtiZ*t) SSfflNm&iftify, &S≪*#*SBc3l3Ii>-f
84-
'a-otzo^ ^^cDgeati, Mffiofemmmtmmfc, Fig. 1.4 7c±5t<:gegi/f:on^*^^
W*nfcsggc 1 CO*f i g. 1.4.19ic^to tcnjaa#PBigj:≫>,^c^src-KSii*≫ ^ u
Fig.I.4.19 AE signals of four transducers located as shown in Fig.I.4.7.
tle &*J, "ffifflSIc^*, m$M&te, ^ft^'ftA : 3700m/sec, B : 4000m/sec, C
I 2800m/sec, D: 4300m/ sec X'hr>tZo
(z) m.mm^ax vm%
Fig. 1.4.20 a) , b) K@M&A, Dc^M- U-th-^W^mt = COX 5 ft,A Eftifl*. ft
*it^^#fifc*3^r(i, ffia*ffll1Bl/RIBIKl''S≪Br*Bei'^oUT, ≪Ki*SBc**Sl5^fi
$tlfcgBi>0tt3tl*^ilT*^bfco AtttS*ci^ST*fi, ≪^cJiSt A Ec^£ffig(£{;£-?･ft














Fig.I.4.20 Load-strain curves manually controlled in the split test of a)
specimen A and b) specimen D. The solid circle represents the

























Fig.I.4.21 Sources detected during the split test in specimens A, B, C, and
-87-
4.4.3 &ffia V 0 U - MS t)(CfettS 4 ?･+ > *^KO≫≪^SSt
(1) ^^>?ffi
Hl^t^jf btztimm±, tK: -t^ > h : # : fi#W= a 44 : l.o : 2.0 : l.5 c1^-?^ )B
( D10 ) l2f:&ffl^f;lO cmXlO cmX40 cm(mmm^d=8 cra)cm≫ffi3>^ 'J- hit
t)T*&ZoR, a#ttKo^T≫±≫jaK≪tPUfec%ffli＼ *^feHiaife:Rofto £cfttSfti£
Fig. 1.4.22(C^t"J:5^4j@cAESft:?A, B, C, D^gggb, #*≪ffiKJ:* fttfK≫
10
Fig.I.4.22 Reinforced concrete beam model and location of transducers.
ti>r, 4300m/sec t^≫?>nrc->%o
*^t±, ziaic^ttrfiofc. liaan, ≫ot^n5s*Bara*t?*aauci46o kgt-ewKL/fco
-88-




1 0 1100 13
2 1100 1300 17
3 1300 1460 17
4 0 1460 22
5 1460 1720 12
6 1720 1900 12
7 1900 2100 12
8 2100 2340 12
C<DffllZ.%m<DAEmg.*Wi＼s, 47£c$[/hiK≪ft≪aS8t;£$ftfco^ ff*^aaP§t?3o(Na
1 , No.2, Na3 ) KfrSUTTab 1 e I.4.2 K^to tfc, ^ttj$tltlRMRM& F i g. 1.4.23
(CTpfo &**, nJ^SBCWfrfaO^^f^fifi 1260kg T'lnf:,
niO 70M.<DtiMWMM&8:%.ljtZa CCOm^ii, 5 S|5gtC≫≪UrTab 1 e 1.4.2 ( Na 4 ~Na
8 )(c:^U/;o
Fig. 1.4.24K(i, Table I.4.2!<:f;Lf;Mf 117^cK^g^jiBH, ＼ffiH,I1IBK
yo^M/Tifcl/fto HcNalt?fi, a/J^^li^O^Ki*c**^!^R^^>^AK/frfiiL









- '-" i "^^r^JWs^jv＼^,rS'JX>/-f^s<-
20jjsec
Fig.I.4.23 AE signals four transducers located as shown in Fig.I.4.22
COttli, Na5c|gmitkKL'T^n(±lI^-e|c^-C;4^5c Na5T*≪±,Na4 £±< S&o T,
S≪/>≪≪(i≪Kftc3IKfiiJT-££T^3o %Rm&, Na6, Na7lz.&t>tlZ,J:5 i^/>K≪(i
ftl/, ^^titl^fflti,tit)c*5)iffi#|iSST'figftUTlV;oNa4~Na7 c§^^c^^^1,^
ti, ccJ5gftj@gfc^jSbT^/J'>iB&g*^4L/0'5^T05ct*>**)*>So e:c*H(i, ^Hi^c
!)ft*5ttSff3)T*c^ct:* h^A&ftfiSbfco ^^*, Fig. I.4.25ftTTTfoHJ; ONal
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Qn * . n
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n :':* . n
･o ･ .v ~ ･ y
･ as a
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9 ■ _^_―
-91-
































Fig.I.4.24 Sources in the reinforced concrete beam detected during the
bending test. No.l to No.3 are in the first trial, and No.4





























0 50 100 (%) 0 50 100 {%)
Fig.I.4.25 Histogram of sources as a function of the height of the beam.
4.4.4 -ttffiffiKBd S5tt5 5 ?■+ > * * <DffiJ£iBi1$£
lc± 5 ^#^.c6 tK, =i>?'; - hc-≪ffiiiT^*5!t5a/jN5SRcfigftiigcii*(cKS
(o mmsm
m.m^±, ifa=≫>^ u ―h c ?k: -t> > h ･.et>:a#^= o.63: i.o: 2.0: 2.9, s.m&
K435 kg/cm2 ) tgin>>7 >;-h(7K:-fe>>h:s>: eaa#fcf=o. 57 : 1.0 : 2. 0 :
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1.5 , Jlffi^S 382 kg/cm2 )c2liltoiiT, 10 cmX 10 cmX30 cm c^SttM^^fF
#fiJfflI^S;opi!lttiai≪≫lcJ:fjff-afco













Fig.I.4.26 Uniaxial compression test specimen and location of transducers
<D&8&^ 10 ms ec ayfiWi'&MS.'*^* *Xti 0tio
(2) 5l^Sm*3=t^#^
95


















Fig.I.4.27 Stress-displacement curve of the normal concrete specimen in the
uniaxial compression test. The solid circle represents the point
at which the source is detected. The histogram shows total
detected events expressed in the top, middle and bottom one-third
of-the height of the specimen, respectively. Total detected
events are classified into a) accurately located events, b)
■fnaceuratelv located events and ri nt-hpruisp.
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mmtvcDmmtm^'o, -~mEmTTum'bwmit, &&frtoRi:cizT>kimis5Zo *
t>LTC^o
Fig. 1.4.26ci5i£^:?£tttrS;&-t^M@, T^(C3PBWL.fcf;&T^^i^^f>n^o
H^T'ti, 118ec^^*^tt|U, 49^c≪/>KS^A5ft^^tT,f;o ^c^m^Fig. 1.4.28
(Ctk+o I -etiK^cSlffl^. 0/J^KS^iS^ffifcJ; tfffiffi**?>ttKf*l8c l / 2 gffi0*c^M
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Fig.I.4.29 Stress-displacement curve of the light weight concrete specimen
■fti*-Vi≫iin*faiM fli("･rmmi-oocHnr＼foof-
-98
RS^K(i4iOO m/sec^?) 3600 m/ sec ^T'^ttUfCo C CD^-&cF^*>P>cA^] K ≪t% ffi
Table 1.4.3 Accuracy of source location in the light weight concrete specimen
during the uniaxial compression test. Coordinates of the signal
















1 32 (-4.9 ,14.9 , 0.6) 4100 0.62
2 120 (-4.8 ,14.2 ,-0.6) 4100 1.02
3 175 (-4.8 ,14.5 ,-0.1) 4100 0.55
4 236 (-4.8 ,14.5 ,-0.9) 4100 1.05
5 260 (-4.8 ,14.4 , 0.5) 4000 0.81
6 324 (-5.2 ,14.7 ,-0.1) 3900 0.37









Fig.I.4.30 AE signals of five transducers located as shown in Fig.1.4.26.
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H^T"(i, 231^ciEfl&&ftU(&ft$ftfc$^c―^JfcFig. I.4 30K3rrf), 79£c$r
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Fig.I.4.31 Sources of the light weight concrete specimen during unaxial
compression test.
4.4.3^T'(i, 4^ + >^;uc|fjB0->^xAtcj: (?^Rn>^ 'J- h(±<o(DWMWM&te'tt^,
- inn-
Co mmsm
*Sftffi3>^ 'J- M±*) 1 D 10, 2D 13 ^fFJi?Uf;o ^f＼b＼t, t,vfftfcMH £P8t£ 10 cmX
10 cmX40 cmO^SO^&S&titJT'iSa*, 1 D 10 T?fi,"7_K: -fey> h : % : ft#W= 0.445
: 1.0 : 1.96 : 1.80 c^fg-g-n > ^ y - h %%^]&mWV 10 T-^^L, 2 D 13 T-fi, 7j<: -fe
>> H :R>: frfrW^O. 655 : 1.0 : 2.95 : 2.7 cSfe-g-c n > ^ >;- |>&ffll^D 13T'H^L/-;O
a#W(i, ≪^eSl5mmc#5*^fflL, &ffi<Dti>M >)l±20 mmV&Zc ftlfl^fi, Fig. I.
4.32ft^f ≪t5^, ^>530cm, ≪#MPg 5 cm c 2 ^tg^Tfio tza
mm$$m<Dffltmfc, ttfiii^-^t, iDio≪^f*:-eaft(fK**>, 2Di3≪istt
r'H-k>mmm&&vzct%mmistz0 ^c^, raKf≫cFig. i.4 32tc^^-x, y, zcD37?fq]
(cm)
Fig.I.4.32 Sketch of the reinforced concrete beam specimen.
Table 1.4.4 P-wave velocities in the 1D10 specimen
Load X Y z
Oton 4120 4440 4170
lton 4120 4400 4170
2ton 4120 4350 4080
3ton 4120 4350 4170





Rm$.:&&L%$i#>K<, MtVr, 1 D 10ttt£&T*cigS&Table 1.4 4 ftTJrf■>£cf£HJ:(),





coordinates of transducers ( cm )
B I C I D E
No.l
1D10 (5.0,0.0,0.3) (5.0,2.0,7.5) (0.0,-4.0.10.0) (-5.0,6.0,5.0) (0.0,4.0,10.0)
2D13 (5.0,0.0,1.0) (-5.0.1.0,4.0) (5.0.-6.0,8.5) (-5.0,6.0,7.5) (0.0,5.0,10.0)
No. 2
1D10 (5.o:o.O.2.O) (5.0.4.0,6.0) (-2.5.4.5,10.0) (-5.0,-4.0,6.0) (0.0,-9.0,10.0)
2D13 (5.0,0.0,2.0) (1.0.4.0,10.0) (5.0,9.0,7.0) (-2.0,-5.7,10.0) (-5.0,1.0,7.0)
(2) fSf≫S$*Jj; 0*386?
1 D 10 K*stfZ>ffiM-^tiL, WiffiV-ffrOm% F i g. I.4.33 (t^f
°
H^Nq 1 , Na 2 (i^tl-?
Tt^l^＼ tft&ft^c!^, 5^#fflT*cAEcf|ft*E5<*n≫-≫^ffllyfc='-Ai/- hOtfcT
c^#t% !^c3OTI&ll^fctt3^ffi#>W^f;f:&^*'?>5o tft&IS-^fc&K:, FEM^c
^f>fc, %/>K^cfi2SiiS%ai≪gK)T*, Si^I, I, fflcspgtc^it, §S^-ec^|±i≪
8ccfc*h**7A£&!6AL'C*ao ^c^ttll8fSct±, ^S-^ffiftS±[C^Uf;o (let-, a),
b) , c) (iS?PKcFig. 1-4 27 , Fig. 1-4.29 iHHt(C^≪bTf>5o
1 (HgCllglT'ti, 3450 kg#fic≪^B$(tfc^T, SH<>f>*t>nA>i8g$tltztzfr, ^CT't
$k%mTotzo ^omm, ^.^^ntzmmwm^^m^^F ＼g. 1.434^^1-0 Httfi.iEffisit
^LfcfflaT'^^^tifigECMyfctlO^^fBAUTiSo H^^cg^≫citifi*, gB^CA'^nti
ttlS^cWffl!lB-C:i5(JIWlDCZ≪(C^≫f,nfcA>, SSIS^fe Ctli J; < ftl&l/T^So








Strain of the reinforcement (x10"*)
1000 2000 3000
Displacement










0 20 40 60
F detected
....... events
0 2 0 40 60
Displacement (mm)
Fig.I.4.33 Load-displacement curves of 1D10 specimens in bending tests.
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Fig.I.4.34 Sources of 1D10 specimen detected during the first test
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Fig.I.4.35 Sources of 1D10 specimen detected during the second test.
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Fie.I.4.36 Load-displacement curve of 2D13 specimens in bending tests.
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Fig.I.4.37 Sources of 2D13 specimen detected during the first test.
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-Sffiftj: &&&■*-* gaHSKot ■>■£&-≪,≪a8g≪as≫ca^tto*s≪^K*ia≫*^£*sa
j(S^, ^c≪t5'SC.t*JW?)*>fC)a-5f:o
(i)AES&?ciBgK:≪fcoTf±, HiSclt^>^pItei^of;^, ^#^l^^^^tfnJieSA>*≪o
m^im&<D 11> *-t>nz ftfetrxz ±*>it%mt z l t t>&mT'&z>o
(2)55^* >^ucftaflS*ffl^fc5K^iSS)ST*(i, l ^5^:ficPcD!(iff^iM<T fe, SaffiftJ: o
(4)^.>j-yh*7*^ttn{*cjsss$^*i:*i^T, z ^ ^ ^ ^^omMwwm.mcx t)$Lv>t>titz%m





wh^ma'Mmb, ttit)mmztim&mmMMm^tw<iis-c^<<Dfimv>t>titzo *vr, c
SMgK S-frHt *^T-§ tzo
tZo
U*>L^*>?>, Cc^iSti^JSg$nf;fecT-(irj:< , ||ffl^cf;≫(t(i, SSffifficffiLt,KS
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ffi I SB 7 3 ―* X * ≪y* ' X £ -y 2/ a >
-109-



























Fig.II.1.1 Domain V with a boundary S
A.
(X+fJjUj.jcix,t)+MUt,jj(x, D+fAx, t) =puAx, t)










1 AUf£'*^' r) 5>≪+ -"^,J-(f, r) +AMJ-,i (f r)
1
u((f, t- r) UjdS?
= /_ drj^ j flff(f,f_T) _,,>;(£ j_r) j
U|(f) r) dVf
/C i
(n ―1 ― 2)
132)
ilSKfci^T, u( x, t) , v( x, t) c^ffi**5^Kclhiii ( quiescent past ) £jf-3&
hit, iuMS-Wi'-M^^nzo
gAx,l-r) = 8lK ${x-£)8{t-r)
J
(n-i-3)






t;x,T)Ui($,r)dSe ( K - 1 - 4 )
OU = XuK,k8LJ + MUi.j + JuUj.i






S(H- 1 -3 )
<fc
0 $ £*>&<): 5 K, Gm(x, t;S, r ) &£c<£ 5 ^^fCft-f 3 Navier
133)
G≪(f, t;x,z) = G≪(x, J;£r)
Gt*j($,t;x,r) =-g|-G≪(fi;x,r)
= -£-G,a(x,t;i,T) =GkilJ,
cti&^mur, sen- i -4)≪, ^c≪t5≫Ji^5o





a (n -1 - 8 )a, ≫ita±*#o≫ttttftfc^Tfifo£f*swtt^cLove c^ ut









1. 2. 2 </')―>H$t
3fttS≫P^Mc*a-^fi, S ( n - 1 - 1 ) tS ( n - 1 - 3 ) J:≫?*3*>Si 5 ^
(A+/u)GJt,JI(*,i;x',i')+^Gi*,JJ(x,t;x',I')












CCX＼ riilx'H^ x ^(Dlg&Jjfa^th^V&t), r^^omomm r=|x-x'|
3o
_ [X+2JT
Up ― /V p *= It (n ―i ―12)
124)
ffffitC^oT, ffi^, 9l&a^c^i)fig^CD#|E1-^Ct^fi]?.nT(,^o #!*.{£,Rayleigh
k, iia^^giC (n - i - i ) cp^*fe^^c*^*f^>f.*j≫ti5o
^cJ:5&C£&#≪-rtU£, ^tti#n^AEStt(i, ≪gt#cflfec^lf*>?>cSWS^Iliat-
137)
c*≪ l^T*c^ffi%*&SP^^{i, 1904^(<lLamb (CJ;o Tl＼*>tlT£l3|E,LambOPp^Mi
138)>139).140)
lyT£<c^#cflF3E$f^£&oT£fi:o ^n?>c5ff9ST'fi, W$＼<a<§-Wi$A>f>,Cauchy ti<*





ft(x,t)= F^(x-x)a(t-f) (n ― i ―i3)
^LT, Fig n.l.2fpF-r≪fc5K:, x, x'it*), *l?*mi, x3 =O(tfc^T
<7i3― On ― C33 = 0
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5S(H- 1 -13) tS(H- 1 -15) J;>),S(n- 1 - 1 )≪RcJ:5K^5c
pS2Ui Ft e"ftxs+ (A+ u) ij&Uj+uSjSjUt (n-1-16)









sen- i -16) liiJcffli^KJaso
|66+^A^(ff-"i)|*=-W^ en ― i ―i7)
1i＼^0M'SL^n%.t LT#i5. LftiSot, G33 (<fi , f2 , 6s , s ; x'3 ) MttJitK





p-s>n (n ― i ―is)
s(n-1 -is) ≫±,Wtf&eaot&ffijgjSKiffls-f *5£(n - 1 -17) ft^-r*t$≫T-*d,
G33(6.&>x3,s :**) = -2"i/'I &,(&,£, &,,s;z;)efcX3dft
I I e-ua＼x3-X2＼
=
2ps> 1 Va (#+£)
+ (-v≪a,) + (^63+^03)} (n-i -i9)












h = V%- tf- #, d = h2+4vavAtf+ &
X'&Zo
S(II -I -19) ICfcJI^T, a=3 =0 i-ttlli, RCDJ; 5^^5O
+_=1 _ r? 2vg(g,'+f,') e-^eftXl-'-ftx'rf^de2
4^a JJ d
(n- 1-20)
(n ― i ―21)




x, = i?cos (4 , x2 = i?sin ?S , i? = -Jxl+xl
CCT＼
R= rsin 0 , Xs = rcos 0
f = sgcos 4>―isps'm <t>
$z = sgsin 0+ jspcos <j>
r= -Jr'+x'z2
tW.< ttic± ^WrsW.W,* Z x , £2 b>hp, qiz-^%i-fz>°^fc.
"･=J£+>>1-' - v°=U+p"q!
7= vl+P2~Q2 (7= f+4VaVe(Q2-P2)
-119-
(n ― i ―22)
ttZo K.1il>, P, 1 ft§8f*3i(II-
1-21) cftfr{!*sffffit"£/;≪>(<:(;£
Jili:cD?pffic^:,tT, SC(n-l -2l)cSaSlS;&l+≫1-^o
_ ―if1" f° S7)a7 -s<-vrsine+narcose) fa
ccv,
t= ―grsin 6+r)ar cos 0
r vP
(n-1-23)





Fig.II.1.3 Contour for an integral IM in q-plane
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C<D± 5^S(H- 1 -23) K*Jtf *?c*≫£( I, )c≪≫iftlSQ-hc≪≫*>'-aT5C
t≪tf),mfi&$k%q*>h t ftSl( H- 1 -24 ) &JE(,vr^glf *££;&*T*§*o ^ci§, ≪≫
r /m!_4
* / ― 1 P
e~stdl
= ["si -J― f^~* H(t- ^)＼^-- Va7 ! dp e~stdt
Jo |_ 7t2/urJo V vPI ＼a ( t V 1 2 '
±^ib>y-fy^m^^tmmr'$)ZCti}>h, ^ffiSttUD^iSKglK-lKf S t^O Cagniard
r i * >＼
1 9 /V(-F)'-iT tiff r )
Uxux,,t-,x,) = ^― -Q-tI m~u;)
V Vr i vj
-121-
(n ― i ―25)
tkiz,5C( n -1 -21) (Dttmm2 jacft& iN t LTmft%^'ntz°
n /u Jo Jo cr
t = - rq sin 0+ r^cos 5
iK. C(Dt i,




(n ― i ―26)
(n-1-27)
t£t>＼$.,≪≫KKiibT, z,corns t±< mm tec t^m*., M&&<Dmmiz, rcj:5^≪c
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(n ― i ―28)
&£>(£, IN<DmftlZ£lT<D£5liZ-teZo









Fig.II. 1.4 Contour for an integral I with a. singular point ―1/v .
Up
f dq= f + [ dq
･Jh J≪, Jo,
q2 tomtit, ^( n-1 -28) tmm-c*&z*i, Qi cornet qommzmtzbov&i),




c<Dt&, q&Qi tiz&ztztbtaz, m5M%.&tic&8i[st:i§iik<Dt<Dmffll±,
_r_
vs
> t^ irsine+rj-k-iz- cos^t,
= _*_/"*"
[ fP' s-2Va(g'-p2) yB jt e-sidl
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r f H^'"* s-2ria(q2-p2). yB , e~stdt
(n ―i ―30)
Pi
£tufci), S(n - 1 -30) ≪, &CDJ; oft&So












sxto&mj: <o.s (n - i -25), s (n - i -28), s;(n - i -31) %m^TG33 u,,
x, . t; x3' ) (i?f4 21t-&>*T-§≪oP≫fCUTG,y(DfficfiS^i^S)?,n5c W^i, JilTc
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M12 = 2r)B＼(q2+p2) sin2 <t>-p*＼
M3, = qjcos <t>











vl7- (7-4naVS) I W+V2) sin20-p2l ]
Nn = -f-(g-2+pz) (y-ivaVe) sin (icos <6
M3 = ― qycos $
JVn = -J-[ 7≪7- (r-4)7≪i?/.)I(a2+P2) cos2^-p2l ]
A^23= -qysin<t>
N3i = ―2q7)ar}scos <t>
N32 = ―2qr]ari0sin <j>
Nx = 2va{(f-p2)
s£(n- 1 -32) V$Z.t>tlZyy ->M&te, *c≫§£*>£6 K £>*>&<£5(tB#Httf^L.T
-f-B^t^-r^^'J-vHSfe^jM^S^-fai, 5£(n-l-32)c£2JK*Jtts4i≫#^ 4-fi1
wmmuD ?') - >HSfccsa≫}
s;(n - i - 9) i,cM-i>^TW&&W)*Mtfftz k&, s;(n -1 - 6) zmmttum e>*>^
≪t5 ft, ^* "J- >Hifcc£H≫#a*$gT**So S ( n - 1 -32 ) CD^*9 ->HiC{i, -HjgWfCfi
iy*>u^*≪f), ^H0≫fciif s&ottH&flJffl-ftttf. s;( n-1 -2i) tiRiii^^^Kj; u
it^(C5t<is6S££AST'S £,
Go,* = g|- Gu{x,t;S,z) = -gr G(J(x,£;?,r)= -Go,≫.
$ItU±*,SC( E- 1 -21)fi>C?G33,i'%>£tsbZ>Wi&%35%-tll£,




tt£ZCt£l). ±&fcWS£ffiWZ-> Cagniard-de HooP <Dj3&.&&f3?tll££t,＼
+ ^ |ra / H(t-U)
n ut at Jo
XRel3* ■ , =Nu,k] dp
M,,,r = -2g77fll((?2+3p2)cos20-3p2l cos $
May = ―2qrj0I(g2+3p2)cos20-p2l sin (4
M13,r= -2^)7≪Ig'+P2) COSZ<f>-p2＼
M21,r= M12,r
M22,r= -2977,31(g2+3p2) sin^-p2! cos <t>
May = ―2T)a7)B(q*+p2)sin<t>cos</>
M3,,r= -7l(?2+P2)cos2?i-p2!






M22,?= -2qve I(c?2+3p2)sin2?S-3p2! sin i>





Nn,r = --^ [^7-(7-4t7q^) I(g2+3p2) sin20-p2l ]cos <f>
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Mir = 7(g2+p2) sin (4cos <6
M.,r = 271aTj^W+p2) COS2 <I>-P2＼
Mir = 27}aye(q2+P2) sin 0cos 0
M33,r= ―2qva[q2―p2) cos (4
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iS ( H - 1 -32 ) T?^Uf;j$(±, *≪Stt£OTac£ x1T^ZJ^fFffl Lf;i§£-c@E&*Si:
c^ x T*RSffi*§?LT^50 icG≪ 0^-a-c^1; ->H|S(}i, Pekeris KlJ;tU±',^§15^°
139)
138)
S(n- 1 -32) T*. x', =0cl^ciilyt^ft-5Ci^t:^5o f;f*Ly, ZOigj^iZli,
Fig. n.l.4 1Ct^#^Tl^!Rfli^- t|-fCj5^ff^S≫SS*>aii-f5/-;≪>, £Wft||-f5gtit
^Cf, t<:t1iS( II- 1 -32) ICXb-f^, Pekeris (DffiffiM%&M(D#7Vy}£,CDPm
146)
fCiifflDjfg^J;jimiElytzB^*, Mooney cStttC^o T^ UTfc< 0 /T/'U, £imcW≪T
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GJi(x,,x,,t;O)=^r-jt G(r)







G,(r) = pT v- du
GAr) = Pr / Av1 °-l dv
Jl f(v)Jt2-v2
f(v) = S2-8d2v2+8vi(3S2-2)-16vi{S2-l)
c n ― i ―35)
|<r<l
r^ 1
Jlj£T＼Pr {±≪#c£ffic≪*T'& 0 . /(u)iiRayleigh #g5£T*, Wx6cS ( H - 1-
32) T'fifflJl―SSi-f^o
1. 3 K**MUt£tt≪7fJi'
1.3.1 Knopoff ―de Hoop (Oi^fi
147)




So gffiiUll, ^ffic^aSc^^^S%-a-A>^^J; 9t'*5^, ££■?&*c<£$&―J&65&
-130-
Fig. E-1.5 ttTfr-f≪£5 K. 3ftt*DcP≪9SBt<:effic^D4i1+, i"^i5o *c£&, 0c
X3
X1
Fig.II.1.5 Dislocation surface Z, situated entirely in the interior of
an elastic body D.
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S( II- 1 -37) (i^cJ; o(cA=c^n
uk(x,t) =
Jo JD




Glci{x,t-T,&[au{i,r)]vj＼ dSe (n- i-38)
- 1 -38)cS3cil2 5c≫5}CD|iH＼SBc.&£3ffiUX B-hr'ca^^gffiffl^C'5@B'fc^
149)
AEc≫^2f.-C-cffi*cS^ii, StT*cRS?iSfic^S^^*>f>. SmgiKt^^f-n^^t
tf;, sC( n - 1 -38) (tfc(j-^>JS^c^3l^*t±,
V = V~= -V*
T'&ZLt**)
= ―a*uvj― a~uuj = ― t[






+ GkAx,t-r;i)tl(lr)ldr (n ― i ―40)
S(E- 1 -40) t±gffi*n^T'££;5#&K:fcfJfcUT*Jf) , £<DJ:5&effi{ipoint dislo-
133)
^fj£^HL<f;:& c{Amoving dislocation tflfiin^o
s (n -1 -40) T-tieficc*D5^ ? (cfei^T, 2mm(o^.mmm [≪] t * tv%£.t
5≪iTi^oISi<:, 3>^ ij- hW^T-AEc^4J?:≪iSUfc≫/hc≪*^^fnif, eic
i*^f)*>*>^iibT^5t5&6 5o ―^(cti, ^f^T'O^/JnKSc^^}*. efficfg4,^ f (C*J
hZ>0t%A.htl%o ^-CT*. ^HSB^abT, £i^c≪iffl-t:-(in^ - 1 -40) £2of£53-ttT,








(n ― i ―4i)
(n-i -42)
CLV, CtftTsCOMm^h^ht^X 5 ft, point di s 1oca ti on model cft-Bitfi, M.
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(n ― i ―43)
G≪,/(x, t- t＼i) = -4t GmU, t- r; 0
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_f ( 9 ffU'-f)lG≪(x,t-r;jc')dV*
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+ M■＼S *(*'-&} Gkl(x,t-r;x')vs
＼S *{x'-t]}G*Ax,l-r-x)vj]dV* (n-i -44)












(n ― i ―46)








b) equivalent double couple.
Fig.II.1.6 a) Displacement discontinuity for a shear dislocation and
5$(II- 1 -46) (CtJ^T, a^Se-oT^cJ:5≪CteffiSCDSlSltefflCD^InI*-^^n{f
v= (0,0,1) , [≪]= W?,)J({i)ff(r),0,0)
-135-
mmtiti^rMt, ikoiofcteZo
eAx',r) = -tf(x[) ff(x'i)(g|r *(xi)j H(t)
e,(x',z) = 0
I OX＼ J
(n ― i ―47)
xVi/^HSftCDiJH&ti,m&&&r° + frb-fc1k:£tZ>£t%%mLT, SCCH- 1 -47) cIS
H£HJF-rftl£,Fig. n.l.6 b) ciSK&So
150)










Fig.II.1.7 a) Displacement discontinuity for a tensile dislocation and
v= (0,0,1) [≪]= (0,0,0(6) *(&)#(r))
ttZCtit±i), 3<n-l -46)*>e>t}＼*:7M±fc<Dl;5Ki3:Zo
-136-
e,(x',r) = -AJ J^ 8(ti)
)
tf(xi)ff(xi)tf(r)
e2(x',r) = -A5-(x,'){^t ^(x^)} 5-(x3)//(r)
e,(x,v) = -{X+2M)Six[)≫(x't) j^-, S(xi)JH(r)
(n -1 -48)
S( n-i-48) tcso'^r, ctif.cDti^ffittiiFig. n.i.7 b) cj;b＼z.t£*>0mj; *),31
1. 4 eSIBBtllHBi/^^A
1. 4. 1 ttM<Btt'?<D*tt







s(t) : AE wave at the source
w (t) : transfer function of the specimen
w (t) : transfer function of the transducer
w (t) : transfer function of the amplifier
u and filter unit
r(t) : detected AE wave
Fig.II.1.8 Transmission path of AE for a) the experimental arrangement






= wit)* sit) (n ― i ―so)
rit)= Wu(t)*wAt)*Ws(t)*s(t) (IT- 1 -51)
lugi5T'Si#uf;S;(n-i -4i), sen- i -42) ^iitnif, at os;( n- i -51)c
≪;sU)*sU) <Z>gB≫A^n?>cS;≪2:>IS)SbT^5Ci*sfc*>ST'*^5o B^SIititf, S;(II
- 1 -41) ij£( n - 1 -42 H±, ^*^T-c|£fiCcHi[s ft)iW'&.WMfD'mMm&L ws(t)CD-£;J&
1. . 2 SiSii$iar<D#≪
152)
-138-
S(E- 1 -51) &7-')x-&m?tll£, ^cJ;5^^So
R(j) = WuU) ■Wt(f) -Ws(f)- S(f) (n-i -52)
Wt(f), Wu(f)fi,ftffl->^rAfcJ:2fecr-*>), S*W^(i:ftPJc*f*i^oTi,^^ffii:
S^PT^HR^T*sCt)%-^Si-5*>, 5£( II- 1 -52) (cS-^^TS≫≫^a-eS(f)^^S1-^
*>tf>5 2ffliic^j£*>**SCt!i)^#tif:o








^i}>r>tzizit)ic,W9£j^^6^^*>of:cT**^5o ^ft^Tl, *＼cSK^(±. ^-^cffl^cS^
140
W.2% A E^I&CDjfcfJ^tegli-5;*S
2. 1 IS D tod
130)
_ i5°)





*gf5ST^^£LT^5AESW^fo^Tfe, ^-cJ: 5^≫^AJoJte*>£* 5*>fi^m≪^≪**5
^cS^ttc^W^fc^5t:-&^5o $?>^> HgtOAEjgijKgoVT, RS≪ilic≫S, Kffi
158)
≫cSBKicft*HBs;*s#-r*o ≫≫t,nj&mcffltrz&m&t%zmim£＼iim≫t<D&
^cS(t(i, SI SBT*&cgii$S&|gH">T^ £& f>&*>-3fcjgcciE≪^3B≪, S**^ST-
**, ^rf, **T*. HHWS^i?cirK, *if9£(tfo^Til5:Lf;a^c^-≫[C*ffl^AEc
141-
&£*},sSB, <SM, ff^^x-Mtoi^Tfesfr?" 5o
2.2 A E;j£U)<DS&£$f?| £≪!≪:£
2. 2.1 <Efit!ETr^tJttB≫a
JfcWJ^iSi, Itl^T-a^^Knopoff-de Hoop c^SKfcfT, &*efiC;E-'f;U£{g£L/
aTT*(i, Itl＼t:-p2fUf;S ( U - 1 -41) , ( H - 1 -42 ) Kl^^T, ^^cteffi^x^^
(Dft*^c≫^c&≪R^
S^( H-l -42) ICtePT, &c.£ 5 &≪*# ./iW^^^LSo
ft(T) = F- nt H(t) (n-2-i)
side <DX7-y-fffl&-C°&Z0
U, S;&t?&3 t£J: 0 r"1≪tf)fl^+ c^i^r (DW±, a^>l!:/J^<^5ti^IbT,
r-1 ciac^^>!?f^<!:-t^o







iTifie.≪-&> h ■J--*-H-ld-*7 7,. =1 T'XsT^ r > > h .
**7*=4^r-T^>^-i) (n-2-3)
tteZo tots, s;(n-2-2 )(D^m<Dm2mitot&sa*. £tu,±mst.i$,tt&&My5faiz.
-142-
S( H-2 - 3 ).it, & £■V?£Ril,tztJFfc£r>T,& x itt3^Tm$.i)i%M[s1ZB$iC£.U,
ficJSiLT 7* n, *^5O cn^ffigc≫)cS[*fJBa;*^1-eit≪C^^o




Fig.II.2.1 Dislocation model and radiation pattern, a) a point
force, b) radiation pattern for P-wave, and c) radiation
pattern for S-wave.
*1
ft&g&M7frlZ£iT, 7 = ( sin d cos (f>, sin 0 sin 0, cos 0 ) t ?tl＼£, ≪=(0
u'"1= v,n, = cos 0 (II-2-4)
LKZo Lti*, x, -x3W-Mvm≫l£, Fig. E.2.1 b) (0&bWi%* HT?. *^≪IEcgffl.
-143-
≫$c:≫£■ttig&oT, riCiIWlflI'＼'^hA t?c^c^ffififcft-^^c £c*&
ti. 7*^ = 0 -<?&£££<£≫),S(II- 2 - 2 JOfeSlllAJO i^O .
UKT1K = -T^i- -f^n*)//(*-£) (n-2-5)
a*f§£>ft*o
ffltmmtt, Fig. n.2.iaj cn^oa-a^, Fig. n.2.i*) cj;5^ x.-x^it^
7?= (―cos 5, 0, sin 6)
u'S)= T)Knk = sin0 (n-2-6)
t?xzo Cft&HfiKJStttf. Fig. n.2.lc) ci5T'*io fzti[y, H"t?HS(i, SBttt^fRl
(1cJ;5(C, Fig. H.2.Kt^UfiffiffiCD^fl?^, ≫4'^cfPfflt"^≪-&cS[W^Sic<?!lts*5o
(2)-fe>8ffeffic*-&ffl&*tJgsC
5£(n - 1 -41) (CS-5OT, -fe>≫reffic*Df;*-&cgti^S^^S1-^o
^t:, 5C(H- I -ll)c?*'J ->MtiC*. S(n-I -6 )(Cf^AU, SuilRiaic r-cJlc
ATtpVp T ＼ Vpl





tzfily,-fe>Reffi£3!*-T<,">*ttJ: h, iSffiEc**!^ h;^ iKffic^^ h^n{±B
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Fig.II.2.2 Dislocation model and radiation pattern, a) a shear
dislocation, b) radiation pattern for P-wave, and
c) radiation pattern for S-wave.
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*1






U(PI= 2{ytnt){jivi) = 2sin0cos0cos0
= sin2 0cos <j>
en ― 2―11)
Ctl±>), ii -x3＼fcT-R!fm$)Wl<Di&MMjZ&mitt, Fig. H.2.2 b) c≪t5 fc%h, H
UkVk = -^･jrUwHr.*)
+ (Vk≫*)(7int)'＼$(t--%-)
u's>= - cos2 8
(n ― 2―i2)
ttei), Fig. H.2.2 c) c≪t5^ffi*>n5o (ICfCli, mM<DMRl± Fig. I.llO £
(3)?i5geffic*-a-cfifei^s
s(n-i -41 )j6>6, ^me;tiL<D£.&tzigi£(Dmm^*%mtz<,
















(n ― 2 ―i3)
xl
Fig.II.2.3 Dislocation model and radiation pattern, a) a tensile
dislocation, b) radiation pattern for P-wave, and
c) radiation pattern for S-wave.
≪-4Sri[ftr+2('-≪<!-£) (n- 2 -i4)




RS£3<≪>*U£. Fig. n.2.3 6) c≪t5ff≪cSo H*>?>5l3SefficD*&fC{i, ctittic^f:
^r|[2(^)(7,,)]^i)u*'*-4^t~f
t&So COXi -x3 WfcX*(Dfi1$＼±,
u'si= 2sin0cos0
= sin2^















&<fcmtz>ttt>>h, sen-1 -M)(Drnf^wfi*^*)^≪2ti Tzm&fc^z.tt^x ^s
GijtD&mii, S( H-l-32)K^Uf:£*J!)K^≪>SCt*ST-§3o ^^^- ^^^fif'W
JC8i^-5≪^-*S^ST**So a≫cHRt±. Mffi&HCtemMKtltb, Gauss c3 2 ^,^ffi^≪th
afitai≫*ff5ctftufc0
-149-
LCV, j£(II-l -32)O≪fttt, ≫≪fl-BI≫;6*,≪#KIHc≪TMSg££*C.i*ffiBUT
&*<,-> 12
p= /( ―) ―X sinu
<DttM*'nocucutzc m＼£ntz?$mte,Fig.n.z4(c^-t3^a, b, ct-cs{2***5
X3
Fig.II.2.4-Geometry of the problem. The displacement u at the
position A, B, and C resulting from the force f is to
be determined. The plane x, = 0 is a free surface.
Lt-e&Zo corns, y&(Dmmz&^w.ut-?z,ct%mmlt, m^om^ntcmvab
&mt. *;^^IISlT, Up=4000m/sec, v=0.2tW:o ^UT, jS( 0, 0, 6) T*.
MfiA ( 1, 0, 0) , B (6, 0, 0) , C ( 10, 0, 0) , T*& t). ^tl^'tl^^^ flclsin4-^-)
^S^il^T, d<0c,d = dc,d>6c t^Ho^SM^ MMLtlstzV') ->MacS^i,











Fig.II.2.5 Combinations of the displacement and the force, which
are calculated.
tna, g3i tG32 , g13 iG23 , g221gll(omm.^m-fznw&.i)>h^o―15^mMi
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Fig.II.2.6 Components of Green's functions at A(1.0,0.,0.).
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Fig.II.2.7 Components of Green's functions at B(6.0,0.,0.).
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Fig.II.2.9 Components of Green's functions at A(1.OJO.,0.)･
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Fig.II.2 10 Components of Green's functions at B(6.0,0.,0.)
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Time ( 10"" sec )
Fig.II.2.12 Components of Green's functions at A(1.0,0.,0.).
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Fig.II.2.13 Components of Green's functions at B(6.0,0.,0.)
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Fig.II.2.15 Components of Green's functions at A(1.0,0.,0.).
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Fig.II.2.16 Components of Green's functions at B(6.0,0.,0.)
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Fig.II.2.17 Components of Green's functions at C(10.0,0.,0.)
l±,^BliMO<Gij , K^{iiii^]Sc^0UFy ^SfcbTt^o S( II- 2 -18)J;f)HJ!?>*>&
15K, UFy (CfiXx->-/|ii(c^.L*>;i＼ffiL'Ti,^j:^c^ cai?ti, 6) cgl%Eti(i*HJf>^
Fig. n-2.6~Fig. n.2.8*i,nif, ≫&IOac≫lc^:^$a#Kfi, UN33t UF33T'(i
iAi'^c*St^iA5't>*>2.o G33^o^Ti,tl{i, Fig. II.2.6 T'temfc, StStSjaUT^S
A>, Fig. H.2.Tfc'JrO^Fig.n.2.8T*≪BII^^*@^5fcfe, ^cfflfcS PScai3*sS-?>tl5o
^l>t, Fig. H-2.6~Fig. E.2.7T*f±,UN33)UF33 (C*fLTG33cfltil^ 2gttr)Tl>
5R*5g$$n5o l>*>b. Fig. n.2.8cJ;5(J:^^^;S>^:i<S^fc*-&^{i, ≫iS≪tfe*>
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Fig. n.2.9~Fig. n.2.UtC7Fl>1ZG3i<Di§&fc$, S PS*>*F ig. n.2.10~Fig. H.2.11T*
i,f>nso tztzL, %R£#&J%:$Mte, G3iiUN31T≪Kl4^Tl^ili(i^＼ UF31
Fig. n.2.12~Fig. n-2.140Gi3c*-&≪. UN13,UF,3 KfcflyT$$£)ftcii<ia*#3 2{g
i^-oTC^^^^ttif, 6^^&5iafcfcT, G13.UN13, UF13 fiffi^f^^SS
Fig. n.2.15~Fig- n.2.17(C^bf;G22i{±, ^t>W> Z 2 fc7iMW)ffiM(DS H&ldS^-t % $
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Fig.II.2.19 Amplitude ratio G /UN. and G31/UF31 for a) P-wave
and b) S-wave.
^LX＼ Fig. H.2.4c^! WJtfC, A, B, C£tffc£fc£oT8?#tO, GtUN, GiUF
c$&**<£ Ot8t$cfitff.fcb£,EWOflCllifci OTS&fco ^c#gJH£Fig. n.2.18~Fig. E.
Fig. E.2.4T^A4>?,jSCSf, oJ0> *i ffi^Ott^loB^^lOcwST'loBSft^b^-a-^
G N P = G,7 cffl^S≪Icfilifl / UN,-_,-c^SSJSlcfi<lffl
-157-
G F P =G,7(Dm&mWKDMMU/UFij c≪£J≫c≫lft
g n s=Gh- ammanomum /un,7 ar>mmowi(Dmsf@.
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Fig.II.2.20 Amplitude ratio G
and b) S-wave.
/UN . and G /UF for a) P-wave
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2..2.3 mmm.^^.mt.mwi^^.
kEn^tm^^-tzm^, %&x-%:<DW.m*m＼?n＼,i, mmo^mfimm^M^imo t^n
Fig. H.2.1, Fig. H.2. 2, Fig. H.2. 3^#Iftlli, ffiSlOiiCDInl^CD^ftioTfe, K
ffi*>iEt/i^ci(c*@i>( ^fti^cDffec^li(c≫^i-^fecT'*4o
H^c^cS^:fcffiM<!:effic?5'(≪]^J;oT(i, CTlli', -fe>Wf* 7 -j* c≪r&c 4 ^gg*-rVU
*>^^:(?:(iff ?,tv5:octU5 5. *c≪fc5&*n-K&, iac≫SJ£tii5^*i:Sffl-r≪ tt*s
T'§^>o CcMffl^J(CooT(i, Rgj5c2. 3.3 5^*5^TS^-fSo
156)'157)
"fSo £lTf^^S^ci, ttR^lCfo'tt^ fault plane solution £#BftJKfclS& 5 fecT*





F 1 [-.IS,,(i)l. f-y(Or7,l
(i= 1,2, - ･ ■,N)
(n ― 2 ―i9)
5C(II- 2 -19 ) cfiiEfi, 3~3<Dl%RWT'&t>£ftT^Zo % l^±M$*t)<D*% £tW$-<D
<s= 1,2,- JV) (n ― 2 ―20)
■tSCtt,
An, , An2 , An, &*m≫if 3&ffi£c@l&Nfflc≫3KCT§5££i/J-TC tVT'%
Zo Lt^T, 3^+>^^£lJtcttillJ->^xAcx-^(Cin[f, A≫,, An, , An3 (ift^
(2)-k>ifeffic≪-&
iC(n-2-9)≪tO. ≫*^c*-&i^≪(t^T, f #acS≫?Tf- c≫&S≫cfii|'ifI%








(i= 1,2,- ･ -,JV) (TT-2-22)
(3)3|3HEffic≫£
SC( E - 2 -13 )≪tt),iiic i SSc^ft?c≫S≪Oi)fCJ: 5tti^lc≫Iffl*S≪)n(f,
-pW/^l-fy^+Wn,)1]
(i= 1,2, ･ ,JV)
= A
[ ^7
+ (7i°n,+ 7i"^ + yi"n,)2j
(j = 1,2, ■ ,N)
(II-2-23)
(II-2-24)
t^ii, A, ≪i , n2 , n3 c4 oc*S]J:K§lt"3;e3i#§i$T*&3o W;iHT, mWt-W.
- 2-20) , JC( n- 2-22) , ^(E-2 -24) tt^oT, ^tl^tiCS-g-^fe'tt^feffi-t-r^
-161-
2. 3 A ECD&aJi&DjittfcUfci);
2.3.1 AEffaiJi/XxAix-^fitS
nr*-p≫^fcj:5K, *m%.(DmnmT°izAEmmiz.Mtz%%%'aoo %Rtz#>, warn
*3£&ft#i%AE<DmM7- JHC-o^TftS C tier**), AEg0gcIB8&i&|t, B£, MJHi/X
161)
^CT*, *＼£l^CDPffcft*(C, cnf>cttaiJ≫^ffi3tbT,<eSlttSK*35*Lfco **l≫i,









Fig.II.2.21 Block diagram of AE monitoring and recording system.
2.itc^-to wmt*i,z, mtm^Mm( ae- 921 s, nFas) t-&t), cmat4?*>
*JVft&%t>tl2>o %<DTmc$.A,K2-&<D&mtii, Vj.-7"**') ( Fig. II.2.21ctransient
recorder ) T'**o tfk<D^ jl-^^ f) (WM-8 4 0 , N Ftt^i ) (i, MM^^7 V >^*^H
HPi*5 1 /Jsecc4 9:-+>?wl/CDfecT'&0. Tc≪, ftift^V^'J >^*B$HHPS^5 0 nsec c
2^+>^.^cfec(WM-85 2 , NFttl)T-*5o t c2 ^c>> x-7V * >;{*. |BHgnJ|6
-162-
932, NFttlK), f<->^vjj*yha>[-a-7(CM-'2, NFft^), yj>£-(T-
Kt≪lifiS(AE-9 12, NF?iS)A5Si^5o
Photo II.2.1 Equipment of AE monitoring and recording system.
-163
2. 3. 2 ≪Stt≫≪>ttJlt*a≪>IB*≪*IE
#JHT?tt, 2.2. l JIT-Sfaf bfc 3SSlof^fl5'a:effl*r'^≫c:fcW≪S[≪RS;*SI≪Kue≪SEf
&m$>, aR#fcjrctt≫Efc-a-≫ao
＼≫(^Wif^^fec ) £{£JiLfc, ^-titt, -fe> > h : ^＼S>: 7j<= l. o : 2. o : o. 6c^^^^
t, Table E- 2. UC^-f
≪t
5 /≪cie^CD3 >i> ')- h*>f,jB£oTl">So l">"fncDfltUtt:fe , £T















10 313 199 63.5 34.2 626 1252
nmT'li, Fig. H.2. 22fc**J:MtftK#cW≫Ec#'i>0K:, AE^*?905S (ffift
me %t *), 6 = 0 u , 15°,30°,45°,60°,75° cffilttE] DS≫? 90 5 S $>mmu, %CT'
u
IT)





































Fig.II.2.23 Experimental results of radiation patterns A due to
a point force, a) mortar and b) concrete.
*£T-, 0=0° c≫§£liUT, ^n^tic^≪f£*m3^ffi≫Ictt;£, H^3gSJ: t)*
≫rcfec^Fig. n.2.23 t^-fo gfc≫i,tcnnigsasfig. n. 2.1 b)c^i^PS(^iSt"
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i, 10 . 5cm j
Fig.II.2.24 Sketch of experiment for a shear dislocation
ffiWMI&'aitZo &U,fclZ, 10.5cwX 10.5cmX l.OcmOPMMA ( polymethylme thacrylate,
f$3,%T? 'J7 A h )c≪(£, 2 0.0mix 0.4≪m c*'J -yh&lSlttfcfeOT'&So
162)
cDH*BraRS≪ ( ^ >≫Teffl) c stick sliPfci£ttH≫c$B3ftT, ^i^WfCfiXftf % c t**
S^tiTPSo tfc, ^-cJ;5^-fe>ifeffi(±, ≫#Bt(C^,^D5o Fig. E 2. 24 tUi, ^c
^5fettscjiSH*^L^o AEttfiij*f7^ij, ^<Dma&mty'yt(Di&mfc±zAE&mt
*Rl＼ Fig. E 2.24 cA, B, C, Dc4@ff≫^Sbft:AEieg|?900BA-8D T'^tH
sn/: a E$≫ci≪≫c[i5] §*>?,, ■fe>KK(ffiA>ir5*>*!(Mi^ufco






*), Fig. tt 2. 2b)
S§≪|tAlt^fB]c:ffiIE'&fioy^:, B&T?(DMffifc*$-?Z>&&$.*biz<1 ISHc 1 ^iJ^F ig. H- 2. 25
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Fig.II.2.25 Experimental results of the radiation pattern A due to
a shear dislocation.
(3)?iseffic*-&
^mefiLtL-cit, ?n^7-^iaoT^4t5AESi^, mac*1;-;, h*r*RiU#<D
^tT, Fig. n. 2. 26 (t^f
≪t
5^fp'l>JC0 1 Oim(D?EM%fotftZ<t> 1 5cmX 1 5cmcRa#t
^V＼t, Hci *)fcd= 30°,45°,60°,90°,270° c 5 ff^fJCA E^&? 9 0 0 B A - 8D §g
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Fig.II.2.27 Experimental results of radiation patterns A due to








new, sisR4＼cj8≪apas*ti^a!)a:, -ttffi≪a≪fflwtsi*cc 010^x20^) ,
9JSt$ii;ffl#iK*S ( 0 15cmX 15cm) , m^lBti ≫)cffitfKf^tfcK&B ( lOcraXlOemX
c
Y
1) COMPRESSION ( CC , MC )
AC 2-5 4.33, 7.0 )
B ( 5.0 , 0.0 , 5.0 )
C ( 0.0 ,-5.0 , 4.0 )
D ( -3.54,-3.54, 6.0 )
E ( -2.5 , 4.33,14.5 )
X
2) SPLIT ( CS , MS )
A ( -2.0 , 0.0 ,-5.0 )
B ( 4.0 , 0.0 ,-5.0 )
C ( -2.0 , 0.0 , 4.0 )
D ( -2.0 ,15.0 ,-5.0 )
E f 5.3 , 9.0 , 5.3 )
3) BENDING ( CB , MB )
A ( 5.0 , 0.0 , 2.0 )
B ( 5.0 .-6.0 , 7.0 )
C ( 5.0 , 5.0 , 8.0 )
D C 0.0 ,10.0 ,10.0 )
E ( -5.0 ,-5.0 , 7.0 )
Fig.II.2.28 Locations of transducers A, B, C, D, and E in experiments
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XAEltffllfca, AEgg|?9 00 BA-4D(04mX2m, &fiiS$iS[$J 9 0 0 k H zRPZT
>^^cH-ffl->^7-A(Cj; *)^E±iU,-9-W; >^"MPS 1 /isecT^tr< i>^^l/*-fe- h^(ClRg
=&aHK*5{t5AEgg|?cgeftll*, Fig. E 2. 28 f£JFi~oCif, CC, MC^t*cIB^
(i, #t^ft:ca!l%^U^fecT'*O. M*.l£, CCtt3>^'J-h, MCIK;^*c-Iftffl^
SifflttlSft^I^l/Tl^o ffecCS, MS, CB, MBfePltlC, n>^ y - h, ^jVtjuR
^c^iiffllBjitcji-oT, BtacJ;5fc?lSg^7y^ci^cft&xt(,-≪5 2ocD≪@^≪(^aL
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m$m,m-c'(Dm%:%F ig.n= 2. 31 , Fig. n. 2.32 (t^fo um&ommz^tui, mi$v>r<
<D&&tmwz-. &MM<Dmi£ftypUT^z>mRmT*xMuutt>fttii%t>titZo cti^og-pa,
msKS5aocffltfiS^iKm*Fig. n. 2. 33, Fig.n. 2. 34 ≫c^-rohc^st'(4, ttis#cT
>^> 'J- hcffi≪(t>(5fjSL/T^^cT'*^ 5o
n-r&b-?, *c<DmMizmtz>wm%btzt>znz>zttf7nzntzo ^ur, ccT-'a-itz*?^












































































































































































2. 3. 4 (E&?x;iR3≫i5*ft£BR^K:H-r&ilBtt3'&
2.2.3JST-^l/f;≪t 5 ft, R8i!I$SciUt, ffl&<DWtbft:fit>>t>1&%ifc&t£*3^-z1£tiL*
f^oa≪i＼S5iiH*sfes-r≪ctfenit6T'*So L*>u^*je>, *cWfflttft%t>^t>h-f, c
(i)#*^c*^ftH1-5Hil^m
Heiftfi, Fig. E 2. 35 It^fJ; 5 *l OffliXI OemX 40 cm c^ttttlS^^fflCVCo Cctt
Transducer
A( 5, 0, 2)














Fig.II.2.35 Locations of the transducers and the input points in a
exoeriment of source location
fCo f+fflJ->^xA(i, cniTt|g|tfeO*flgffllyTf≫*o Fig. tt 2. 35 fCfi, ft^^JCDf^ffl^
MtiZWim―ftW titter ctiBtbTfcfel,tzo
ffitistitzimn, *isv*-3--7Tmm$k, r<i>$)＼,i)*.y hmzmistzo *<d-v->-?>)>
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Fig.II.2.36 Detected sources and directions of point fources obtained
in a mortar specimen.
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Fig.II.2.37 Detected sources and directions of point forces obtained
In A rnnrrpfp fitier-fmpn.
2.2.2mT<*Rtz<DtmMte＼mv&≫tMm#<Dmfimt<DikGfp^*≫^o ^m^F;g. n. 2.






A B C D E
Fig.II.2.38 Theoretical ratios of the amplitude of P-wave for a half
space to the amplitude of the same component for an
infinite space, due to the force at the point a)3., b) 5
and c) 7. shown in Fig.II.2.35.
≪t.ii≪tfe≫c.*≪tn^c5 6-p≪b*dBfi*i tut. fltc≪iui^-c?oRiB^n≫c≫-r*JtT
c*St)*>5o
AMP




















Fig.II.2.39 Comparison between the amplitude of P-wave for a half
space and the amplitude obtained by experiments, due to
the force at the point a) 3., b) 5., and c) 7. shown in
Fig.II.2.35.
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0.00 0.16 0.32 0.48 0.64
Time ( 10" ■*sec )
Fig.II.2.40 Components of Green's functions at the point A due to
the point force 7. shown in Fig.II.2.35. Solid lines
are solutions for a half space and broken lines are a)
a solution for an infinite space and b) for a far-field
term.
A>MSf*5Ci/ti5t)A>5o *H^T'(i, fWJ^^xACflJ^fcj; (}1 //secc^ > ~?<)> ^*RK
mmT<7-*%i&mijtitf, mmmoiEmfxfs.^tDiz&^it, t>o'pum^-*>7v>-ymmfflffi
-178-
HKt LXlt, 2.4.2m<D*>mfc&RWb£(DM%iM7£l(Dm&%'ar>tzRtm£x 'J-vF^f;!/
ttUftR―Wffii^lS^*fl-D/-Cc ^fUi, 1 0.5cmX 10.5 cm* 1.0cm OOP MMA&HfcO'P^lt,
2.3.2≪(D|$S± ･). ^'J ?h HCD^^fCJ: ≫)^>§fteffi*>^D, * 'J, h≪*>f>8l?ieffl*>*fig
fit2dt*WTi->5. 4fc, *<DW&, t*6f>ceffiT*feCffiBfr:3iTf:ffi≪Sc^(qifi, cc
J:9#&ttctti&*cEftK*3C£a>^&^ttf.:o I>≫T, 2^7cPtgSi UTffiOS-oTJ:



















A( 5.25, 3.03) A( 5.25, 0. )
B< 5-25, 0. ) B( 5.25,-2.17)
C( 5.25,-3.03) C(-5.25, 3.03)
D(-5.25, 0. ) D(-5.25,-1.41)
Fig.II.2.41 Slit model specimen and location of transducers for a)
tensile dislocations and b) shear dislocations.
A x
B
Fig. tt 2. 41a) tt, miacD2, 3.2flc-lr>^fCfi[c^-&CD^iiE5li^t^:<PlMB≪T**)50 i
liKftLTfi^lfi^Pa^Si&tJB^o (itllOPTIi, ^ISB^4^cFig. I. 4. 4 £#
M*n/ri,->o *:<D-tzV>,-b>≫feffi^J;^≫≪S0giS*g0t)iL/TAE^^?c@ee%^'fb#-&
tzt><D&, Fig.E 2. 416)T-*5O H^T-li, £c≪fc5& 2fiRc^&?KMcttSW*fdltfOT,
-179-
2.3.2?iT^U?:J:5K, Fig. II 2. 41 fl) cAE^^?CDlBfifC*tL/Tft, §l3g&ffi&£










































Fig.II.2.42 AE signals of four transducers located as shown in
Fig.II.2.41 a).
tKkt-,Fig. tt 2. 41 b) cAE^g|?CDSegfC*JOT^tt#nfc-fe^|(feffiJC≫-r≪^WffiJK
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Fig.II.2.43 AE signals of four transducers located as shown in
Fie.II.2.41 b).
-fe>≫Kffic≪-&(C(i:S;(n- 2-22) , ?[3SefiCc≫'afniS;(n-2-24)*>?,Kfit;e-r-'KD
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Fig.II.2.44 Location of sources, orientation of dislocation surfaces,
and direction of dislocations obtained by the experiment
for tensile dislocations.
3i^7^^c^|q]t^1^fC≪t<^SLTt,"≫ao
Rtc, Fig. n. 2.4i 6) c£ft?ffiBcntticii>#&ftfc-fe>≫fiffirci8-r**a£*Fig.
E. 2. 45(C^-f0 H0J: 5 ≫c,fifirBfitifJ^. 'Jy hcBJifC≫^LT*Jl3, fiffic^ffifie≫feC










Fig.II.2.45 Location of sources, orientation of dislocation surfaces,
and direction of dislocations obtained by the experiment
for shear dislocations.
2. 4 *mc*S8i
sif^T'z&^fcKnopoff -de Hoop (DWf.'SM&h, MWR$t&l<Z.t3^TUtiL<D$%8Mi)>t>-＼'ft
ffifcssjwjgs^jifflUT, ≪≪≪≪c≫≪, *5ir->≫iKffiffitej;otefitc^fi[fig≫c]g"(acfts^
fecf*^o ^ilf, **'J->||$&;£≪>T, a^c≪-^(t, ^≫S3＼ttf*. ≪KS＼tt**JJ: 0^-?-
c^^Jic^^^≪b/;*^c≫s, <tsc≫§fiit≪*i7ofc0 ^c*sm, ssca)ttc≫ifi
-183-
cI^CD-tl-yy^'J>y8$fflmWZMM-V5 0 nsecfT-S:S:nrtgT'*5o
*>?>Hit * ?＼tt t^ # A.a C t cS^tt 6 * 3 titZo




3. 1 it b it (c
t3>* 'J- hft^ftfctt*AEcjg&gr^&KO^TS$ft&%|?&775 LtlCtZo
163)
164)










a^^T-fi, H^^J; OH^J^tii#nf;AESftc^^^ H-"^Ftt^^>^T^^*f?5o ^ £
ft, AEcJSSt$tfMi≫T£,^.tCAEc53-fr^o-7>-^-cl ^iUTtiSKii'S f,-f,ffl^c(










direction of electric polarization
Fig.II.3.1 Piezoelectric transducer for a) the longitudinal effect




^■CT*,Fig.n .3 .2(il^-rj;5^Sft^ffi^T, ^^^CDC^^tt^H^tKJtC^&^o Cc
SlifaJKc-£SE^A^Uf;#-&c, ffe^c^^^*>f,c^te)ti)^≪iEE^*&5c-r?*^o ^ffl
Uf;AE^^^(i,KxBc90 5S i, 90 0BA-8D fc'J;^^ -cSS^Ofi*)^- K*ffll$!li-*fc≪)
-186-
1) 2) 3) 4) 5) 6)
1) Function generator 2) Transducer
3) Pre-araplifier 4) Discriminator
5) Wave memory 6) Cassette memory
7) Oscilloscope
Fig.II.3.2 Experimental set-up for determining the frequency response
KgMif≫tiI＼Sc≪≫R≪(WSa5iiin)*≪#Ufc60c3a≫-p*S0
£≪≪£*Fig.n.3.3≫£*-ro m<D&mii±~C, **HtfJt?IES'ffcUT, St^iotfL
T$>ZO ttl£>), 9 0 5S fi, *if9ET≪fflLr;l OkHz~ 300kHz cS8^S[cT', 100kHz
Frequency ( kHz)







Fig.II.3.3 Frequency response of transducers obtained by the comparison
method.
-187
OTcffiJSKSStff:!i£§^T, 1b>ts:t)＼W£fcg%7TH;T^Z<Di)it>1)>Zo 9 0 0BA-8D&, *




%<D£o?S.mmZ--£Z>-ft h, Fig.n.3.3*l.n(ifc*>SJ;5^, 90 0BA-8D%AE^g|
^iLT^ffl-fnii', 2 2 0kHz#J5c^≪i^^^ h^i&>?g|S$nT^tiJ$n≪i%i?)n≪0 ^
182)
(2) F E M(t J;Z>Kmm=F&W$-<E>WffiW&tR
183)
≫*fcD*f^tzia/uffcti, ^ns&cm£T-fts^<figffl$ntzp z te*≫?9ooba-4d(0








^S3E3, - 1>S3F3, 0
S£. -vSS, 0
vSf,, Sf,, 0



















d33, din , da , 0











LCX＼SE , eT , d, e. ^*l^n≫±, J£1t≪f4^PZT-5T*&*£bT, Tab I e H .3 .lit
184)185)
Table II.3.1 Elastic, piezoelectric, and dielectric constants of the




･L 20.7 x 1(T12
4 16.5 x 10~12
Poisson's ratio V 0,3
Permittivity of
vacuum [F/ml



















Fig.II.3.4 Axisymmetrical finite element model for the transducer 900BA-4D
5£(n-3-1 ), 5C( n-3-2 )(tfc*^T, ES<>-f^/£SC d ] , K≪*Cerl £3!≪b
Table II.3.2 Resonant frequency of the transducer 900BA-4D and an elastic
















Fig . n ･ 3 .5t£f;t"o
1st mode
Fig.II.3.5 First and third resonant mode of displacement for the transducer
900BA-4D.
£X±.(D%5m,AE^^^900BA-4D(i, 1 0 kHz ~ 3 0 0 kHz cJSj&iSc^T'ti, 1 ZKgMJB
3.2.2 AES£?£W-a!*≪>fc≫$tt
-191-
fig. n. 3.2 tmmtemfe&r', &ttfltc*>*aEm.Wf-oftti'ms.r(t) c7- ≪j^aa*
R(f)£3!;L*o CctSAZj≪ffifcJ:57j3fflcAEaE8l:fcW^c7-'Ja.Kgi%Z(f ) £
ffttf, Fig.n-1.8b )cD^R~>Xr A*fflOTR(f ) f±,^c<t 5 K%.t>%nzo
RLD = W≪C/)･ Wtlfl■Z(f)-Elf) (H - 3 - 3 )
CCT-, E( f )IZAtSMH: e( t) c7 - ';x^T-i5.
Xtin&V, 3 .2 .iacH^cCt <HBE-£Eo ,≪≪[≫/,cfflfflMUc^^lJ,
ek(t)= E≪eimfkt (H-3-4)
igfc>$ft* ££*≫£,E(f)(i, Rci5K^5o
E{j) = E0S[f-fh) (n-3-5)
SC( D-3-4 )<DAUlZ.t$tZltitl rk(t)＼t,JC( H ―3 ―3 )＼z.%( n-3-5 ) ^f^Ab,




= ＼Wu(fk)Wt(f*)Z{flc) I (n-3-7)




Vt>ZLtl:t), 5S( B-3-3 )im^r, *cffl;&Rs(f )li,≫oj:5K^a0
Rs(J)=-%%/ Wu(J) Wt(f)Z(f) en- 3-9)
Ii2KfRs{J)| = |W^ ･ Wt(J)-Z(J)＼ (n - 3 -10)
rk(t)
ek(t)
＼i2n/kRs(/k)＼ (n ― 3 ―id
f.Bg(a+pj≫}<:≪;E^AXib^≪-a-ic(i, ^;c u ―3 ―6 ), sec n-3-9 )tcj;-,T,
rk(t)
ek(t)
= ＼i27tfkRs(fK)＼= ＼Wu{fk) (n ― 3 ―i2)
Ctl%&m-fZ>tz#)llc,Fig.D .3 .2cD^^7LA*>f> 2iOAE^JI?*K!)i^ &cJ: 5
£■?,iC( D―3 ―12 )CD£3cft^S<&^r;&{t, St^T'OH^tl^aifJl, 10kHz~300
kHz tT'10kHzS(cg*i-gCDSIN^^≪E^^fi^*>f)A^U, ^ct SttSIJS*>?>#?>^
HHlOOnsec (g#ja&!fc if = 10kHzT**;5o )T"> x -^^ * 'J≫C|B|g$-a-y;oCc-r-
^^･･7- ')J-^^lx, iC( n-3-12 )cffacffl*^≪>fco
iSS^Fig.n ■3 .6it^-fo mo a.)it, Tst-y-fWS.^^^Xti^<Dt＼Wht^(D^ti9LW^V
45o le^SJgfi^x^^ilSct^^r, 10kHz~3 00kHzfc!££U;fc7<f^*-c3&3i;6*<t<

































Frequency ( kHz )
Fig.II.3.6 Response of a monitoring system for a electric step pulse,
a) detected waveform and b) frequency response.
tRm%, fig. n. 3 3 titmtnii, h≪£c≪ m{f)t** $, w.(/)oj&s^Fttt±≪sa^
ff-CfB^t^?.^^o m*-l£, ＼W.(f)＼=Const.ttltiii^i^W.
^(<1, Fig.n ･ 3 .2 tlHl≫*xA{<:j;oT, S;( D ―3 ―1 1 )C75^W-%fjor;0 AE^gl
^CD*^-CDSS%, Fig.n -3 . 7JCS-fo HdtlaHi^, 905S. 9 0 0BA-4D t*?,f>CDigll
(Cfc^Tt,, 5£(H-3-11 )CD£at^ac|gS(i#S(tJ:<-iJbTfc'3, CCD^CDfig3i*5




















80.0 160.0 240.0 320.0 0.0
Frequency ( kHz )
b) 900 BA
80.0 160.0 240.0 320.0
Frequency ( kHz. )
Fie.II.3.7 Freauencv resDonse curves of transducers.
^900BA-4Dt±, 2 00kHa#fifcc*;fcf?loc^-*£j#o&^tt%^L-C^*o CtUt
3.2.3 a Em.&＼<Dmmfc%tti±e>miE7ii
ft^UfcKSI^gooBA-SDtgossSRBL, ≪^cMB≫t56^-riAEjBKi*SIWUfco *
c^tti&^i:^^^ h>-^ffi^**Fig.n.3.8fZl^-r0 Hc^^(i, 1 /ise.cc^>-/'J >^*B#
HKPBT*ie^bfcfecT**So ^n^nojSJKc^-?^ h^^Mntf, iookHz#fict°-^c
ftfefc,9 0 0BA-8D-e^tti^ft^SJgc^^^ K;KC(i 22 0kHz #fitC2RW^to-^*5*S
ttidSM^o ^n(i, Fig.n .3 .3 (Cl^nSAE^^^QOOBA-SDO^tp^SliCt ≪t<
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Frequency ( kHz )
Fig.II.3.8 AE waveforms and power spectra of the same AE phenomenon during
a split test of concrete, detected by the transducer of a) 905S
and b) 900BA-8B.
Wffi&X'＼t,9 0 5 S cJ&gftttfi*^ <0＼ET**Z> L t frh , ^H^*!c^ i> V&^<D§mit'J>
t(D&^i.*), 900BA-4D, 90 OBA- 8Dc<fc 5 ^HflBfflaaft^tt^aiyfcftfiJaSftSfif
IEc?ffi^^tt1-^o
(1) MIEffi-A







#R5T*CD£ft*-T?ci^T*{±, | Z(J) Wt{f)＼*Sf T>fC£≪>S,ftT:i3{), $ h＼n, S^^900
45)
cSE(Cit^J-f^Ct*>ft]f)nTl^o *tll±, L(Di§j-£;T'l±,Z(f )*5SiCT**5 t tfC^fjS
t^>o Itim, |Z(/)pr,(/")|c^ttti:,fi<KffiJ(c|^e(/)|cJS^i)ftt^*fcbTl^t^^f,n
^cti, S( n-3-13 )fi<5?cJ;5^^5o
R(f)
Z(f) Wt[J) ~
＼Ws(f)S(J)＼ (n ― 3 -i4)
±5£0§Stt£iH'*S;fc≪>K:,**!>^OWmmfeUfcte, 900BA-4Di 905Sc^&?£
h^**≫, M≪cFig.n.3 7≫t^Lfc|z(y) w≪c/)|oft≪scfil*ffl^T,sec n-3 -
14) c£acstiij; <5,cn^ffiiEbfco &c*-&, ^gi?tiK^≪i^*fb*f^cffi≪^*t),




0.0 0.04 O.OB 0.12













0.0 0.04 0.08 0.12 0.16
Time ( msec )
0.0 100.0 200.0 300.0 400.0 500.0
Frequency ( kHz )
Fig.II.3.9 Detected AE waveforms and calibrated spectra of the same AE
phenomenon generated during a split test of mortar.
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%tVQ>lL,*HS?(tJ:oTf#hnZWE^ntzhE^MO^.^^ YMt, A E&&J- 905S ,9 00
BA-4Dc£*SS>*>e>&tt!;$tt£:fccT*fc,St/ut'^&oe: i^fflff^nSo
ftR&S3lclfll£bT, AE^gl? 905S t 9 00BA- 4D^ft?tl± 1)&ft$tlTzA E^Jgi ,
^■OlilE^nfcx^^ h;i/^Fig.n .3. 9(^fa 2ocM^ K;Ki, ^^(C{i―fltl^^
(2) ≪uES;-B
±^OffiIEffi-A(c*5^TaiEcISi^ffl Uf;c{i, IrID2j@cA E^gff&te (j-^-frfcH^
^f-^^nf^^KlSg^tt |Z(/)Wt(/)|T°<b-otZo^( n-3-13 )%mtlti*ti*>5J;5K,






























Frequency ( kHz )
160.0 240.0 ' 320.0 ' 400.0
Freauenrv ( kHz ")
Fig.II.3.10 Frequency response of transducers obtained by the comparison
method, a) 905S to 9O6S and b) 9O6S to 905S.
-1OB-
Z(f )iWf(f )(DM&*M&?Ztztb＼t, Fig.H 3.2cttSIJ^T% 2oc≫tt≪Sft-?t
mwzmfe*fir>tzo nmhKWgk^t, emtT-cn^T-^fflu^90 5stfTr;^mi5cAE^
g|?906S ($!&£, NEttl, ftfiJSSifc2MHz)T"*5O Kx£cAEgg|?900BA-4D&
SOfi900BA-8D%ga^*>-3fcafifi, 90 5Scg(il0mmT*≪) 90OBA £fig^Wi*
fc≪>,fflas£i^-cfi≪Ji&*D5sti^*o^A>f.-e*5o 9 06S(±,itmnmmteziimvte
905S£^<HDT**5o
3-11 )**≪£<fiS;a:bT^5C£*5t)*>^o ^bT, ag-t^SCta, 905S*>?, 906S^c
*-&£ 906S*>?> 905S-^c*-&T", ^cffi^]cx-?^ h;i/c^**>^:<SNf)^^i £t?*^o
<:cigS(tSo'^T, £ITcJ:b &*SIE}££3fSLfco
Fig.fl.3. 10 CD^g^J;I),AJic7-'Jx^z(f) tfttimR?- 'J^Sftc^^, ft
z,U)- wtJ(j)＼= ＼Zj(f)-WuU)＼ (n ― 3 ―is)
LCX', i, j≪:P&3AE^^£Sfc>UTt,->So ±3$ti, Fig.n .3 .lOftSo^T, AXl
= k (n ― 3―16)
|zt/)l= *|w,(/)l
£ft&5£( n ― 3 ― 1 0 )＼ZftAttU£,
＼i2n.fRs(f)＼= k＼W,Af)＼＼WAf)＼2
£&So
en ― 3 ―17)
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＼W.(f)I ttS≫i3t*.e.tt*££*>&, e-tmvlE&fttntzx'** h^*#ATIr->≪*&
tsifi,5C( n - 3 - 1 7 ) c£i2cffic＼;&fi£ t 5CiKJ;!), I W, (/)I COM&'&Z L tW
b^^si?905s^^x-y-f^^^m&^Ktih, %<D&i)>?>m$mr*KiwmwfcffiWLtz3
S^cAEgft^(905S, 900BA-4D, 90 6S )(t≪£*)&M1&%$iliils, V > 7 >)> if$§m?3
Pre-Amp.
Fie.II.3.11 Sketch of a experiment for the calibration method-B.
^■CDSS^Fig.D .3 .12(t^fo m&HMirtH£, 90 5S t 9 06S c^cflUE^c*^*
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Fig.II.3.12 Calibrated spectra obtained by a) the transducer 905S, b) 900BA-4D
, and c) 906S.
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3.3 3 >* U
~
httftf-fcttS A E;JSi!)<D;iJ;j£ifc#*f
3. 3. 1 Il≪lll
(l) USES;
^HKT'ffifflbfcAESjgon-aatJiofSBttanitt, m^-c^ix^^t**!)-^*,, *ffi
ttKfttUTfi:, f^KjttSP3ttK*fi5tt*SK)i:lyT, -ttffillfflttai* ( 0 1 0 c≪x 20
cm ) , fflfifflttKI* ( 0 1 5 cmx 1 5 cm ) , J^lfcffiii0tttS# ( 1 0 cmX 1 0 ≪x 4 0 on, ^R≪I5
D10 l*{£ffl)c3a^i£fEfi£b;fco ^cIB-&%TabIen .3 . 3 KSto iCT*, C2tl">5















Mortar 60 595 357 1190
Concrete Cl 10 63 34 313 197 626 1252
Concrete C2 10 62.5 39 318 199 720 1147
SB-&&, 3.3. 3Sc7>->^"^ h^CD^SfttHf SHilT-CD^ffiffiLfcn >* 'J- hc
ie^*^bT^*o cin?>c#t|S^:(i;£T?TI§:£UH^gTKiyb, ^c^l^-^F^tlSST-20
TCt?c7k*#*^ftor:0 ^c2 8B^Sti, Table D . 3 . AKt^LKo








Concrete Cl 346 31











en ― 3 ―i9)






£c£1, W$0§fgl NJt=T £LT, 7-'JiX'?Jh*, ytV-X^f hMZ, ^tl^tl,
T＼CK＼,T＼CKY^^^hfiho CCX＼ l*StS/, It, /,=^vJT^*1). J:<a?>^
186)




･&c, 7- 'J^i^S(%S<feTO5{^^:f)^:C^ ^tlft^fUT, ^%%-T,^^ h*<DU&ttt, B§
SiJKx(i)*^KFSiJt*T-c^^T% t*OJ:5^7- 'JxgtltIiJtl5*>^it5tiT*5o
tcJ:5&Si&&, ≪ja^^:^-^TR^^c5l:5S$nr|!fcfecT*^)J ^-^nfcSftfeiO'Bffi
X(t,f) = f x{z)e-lnfzdr
J-vo
(II-3-22)
W^T-^V Y)＼<t＼;X＼±,£cPagec7>->^*^£ h^EWt, Pr ies tley cfgg*
^ h^U, Markc^a^.^^ h^, Bendat £P ierso 1 c―i$S<ik?"*th^, M.m<D%My A
188)
t^-oo£fn(±VN°7-^-?h^^i― nt-rseit*>?,,s^gpgt5c^-?^ h^*j, a)cig*£
tfc, BfSlJt tT'Ch-^^^^^+'-EC t) t^St-f5^:f,(i. Parsevalc^IS;J: ≫)
E(t)= ['＼x(r)＼2dz= f"＼X{l,J)＼ldf










Z-Ot*, x(t)tr mWkff> 2 ~oRmWl<om<D8fF3＼£}
1 n
c(r) = lim-Jjr / x{t)x(t+v) dt (II― 3―25)
it, gBf§HHifc( auto-correlation ) tWl£tlZ>o §£>!£,Rf(jB#fffl&7**( lag) iW
t,＼c(r)ttTjtHlyrftBI≫-e, r=0t?≪*fi*t≪tt^&, c(O)-C|lfcLTIEBftlyfcfc0≫4
CLX', ^≫≪tt)S5ifec(r)f±,c(0)^l^t,^T2ii≪ct°-^^So0 l-o≪, 7CcH$Scx(t)
£te&3o 4 5ioii, te:T'*f^£lyTi,->≪ft60^^T-cS*fftJ:SBFHiinT**≪o
cnmt, gafflHK≫i/T, fflsfflwtitans x(t)tm<D%iRm y(t) tommznt-K
cxy{z) = lim-lr f x(t)y{t+r)dt
205
(II-3-26)




Pf$fc,*C( D-3-27 )CDH^S^^i( n-3-26 )T?SSISnfcfflHfflHH*>tfcM/3
188)
(II-3-28)
3 fc-^>xc^JI6<jS5M±, 5^( n-3-28 )*>ht>ti>Z&bfc, &^Mfi>$>tl＼£lT*&
*),£<%VtU£O ttiZt^o CfVfoZo istlti^T, H^ifjff^nSAESJg^fe^T,
189)
3. 3. 2 A E &≫)c*'* ? HU&ttCHrSUB
#ScH^cKKUi, ―$&EJ&U8i-Z!l±WMi&BL＼Ziton/40 fpth, ^c^S£l tonigftrf
SfSK, 2{@-5oAE$R£i(X§Sl^:<, ££:,fflStS^, ＼&f5t±^cffitfi$;&T*f±,0.5ton/40
#c≪#SSt?, 0.5tonc^≪liSPcH^2ffl^ocAES^i&, ^fi*)i^cc≪*T*ftX^L/r:o
Lnt><DRM*ni-zfflfoZ, ^TFFTS*ffl^TS( a ―3 ―20 )07-'Jifi^t＼ ^°
186)188) _
17-X^^h;I/^≫fco CctS, Hanningc^ > K ^ ^ffl^T^.-?^ h^O^Pft'fb^fl'J
fco fffflL-f;＼if[aa(i,10|T-*5. 3.3 l^T*xt^f:J;5^, ^>^'J >^*^fSIHfB{il
((sect'*'), ^tFfO^tCNyquist^SISa 5 0 0kHz t^≪o ttlfi, H"fllJ^Stfc^T**S 10
kHz ~ 3 00kHz KftJEUT<,->*, ^bT, ^^cSSi^UTtt^^^t UTJ£^c*>^ *)＼&
^905S*ffifflLfcCLt, *5iO?3>^ i;- httl4^*3tt^AE^ijc^-?^ h;!/>&*£*c,£5 t5*












































































Frequency ( kHz ) Frequency ( kHz )
Fig.II.3.13 Power spectra of AE waveforms detected during a uniaxial























14 % of failure load a)





























Frequency ( kHz )
Fig.II.3.14 Power spectra of AE waveforms detected during a split test in
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Frequency ( kHz )
Fig.II.3.15 Power spectra of AE waveforms detected during a bending test





*mT'Rmm&mi:i), ae^kc^^^ s^tfttfi, M^ffi^^icfflaeeiBKi: o, ^c≪
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3.3.3 A EjSKroSje*;*** MMttfeCH*-***
2^gfi7>->^-^ h*%$i$>Zia&, S( D-3-23 ) <£<5£>£>£.£5 ft,£#£(|ft
T** ^/&>^i^%^e>n^o Jtct-, 1 0 2 4{@clS^cx-^;&4o(t53-≫JL, 5C(n-
3-23 )fn = 250, 500, 750, 10 0 0c 4 oc#£c 2 Sfiipi7 >->^*^-?^ S;i/^
≫;fcor;fc*b,5l^cSS"t:1iFFTffi^^fflL'f;fc&) x-^*>2 c^+^fflt^S≪£ 5 ^, ^
i^c0*SPifcfecT*R--3fco ttz, &mm<D＼--$ji<^j-ji'*'-E(t)(Dg:m%mStZtzib
ft,5C( n-3-24 )(CJ;t)En%^K>SCtftlUfco
x^ti, 3.3. lat-^ftipit, ^>^ 'j- scig^>a^:^^%^(t(±*, mmtmuK
bTfjr>tZo
33>^ 'J- Hc-WE^S^ft*}lj-≪^*c^J*, Fig.n.3.16, Fig.E.3. 17ft^-f0
Time C Usec )
Fig.II.3.16 Running spectra of AE waveform detected during a uniaxial






Time ( 10~J sec )
Fig.II.3.17 Running spectra of AE waveform detected during a uniaxial
comcres-sion test in concrete at 99 % of failure load.
OmMili&titl, ^ixWkOl 5 0 /isec , 1 0 0 0//sec 4T-cSJgcx-≪i7 h;Ki$fe|jJ-fft h tz.
ltT*5o RK, 7 5 Oyusec t 1 0 0 0/isec iT'fi, {it At'^^i' h^UfcSMti^fo Cci
5^^Sti, icAE^RT^I≫&ftf:o tf;, t= i o o o/*c/N°y-*-?;> h^cFi g. n.
3 . 16*>?>Fig.n .3 .17->cXMk(i, itfJlc=3>^ 'j- hc―#E≪KltcIS*illI≪t:-*?.c
Y-*J＼'3-%.)＼'＼-<D^k＼&, Fig.n.3.16, Fig.n . 3 .17 ife(CAERRci5]i)3 0 0
^secfii:cFaT*liiiUTI,"'≪o ^c^ciiftBCffl-nti, F i g .H .3 . 1 7 c^^^JREftn?c^
fr/h&＼,~>Ctt)$t)t>>6o
Rfc, ^frZfrl&MJfcfD― ffiffiiSKi&rc.*}tt;&0!l£Fig.n･ 3 ･ 18 , Fig.D .3 . 19f^-to
tC^T'J, 1 0 0 O^secfB^-^* h^KiftlSc^^ISS t J:< *fJ^UT*5 (), ^c
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Time ( psec )
Time ( 10"z sec )
Fig.II.3.18 Running spectra of AE waveform detected during a uniaxial







Time ( uoec )
Time( 10"!sec)
Fig.II.3.19 Running spectra of AE waveform detected during a uniaxial
compression test in mortar at 85 % of failure load.
212-
*<DX^t hM±7 5 O^sec t 1 0 0 0 jisecT± <^bcttl">C t*≪B≫ htltza
I*
4J
Time ( 10"2 sec )
Fig.II.3.20 Running spectra of AE waveform detected during a split test
"fn (TtTn^v^i-o at Afl "A nf -fail nro 1 narl _
$?>IZ,L(DU$fcV%Kl±,ffl@5c3. 2 . 3gcHR?iHWc, A E^? 9 05SCDftetC,^c
^-?^ h;l/^*&, ^^?cJS§#ttc*g%^MbfCo ^cg^^Fig.n .3.21, Fig.n.
3.22(C^fo Wil^afC, gOOBA-SD^i-^T^tii^n^AESJg-efi, 220kHz#ffiK
2RW^to-^c#ffil>TI,^c*SJ; < t>/6^o ^cJ:5^^^^ h^c#tttt, 50 0/isec$T-










Time ( Msec )
0.00 0.04 0.08 0.12
Time ( 10"! sec )
0.16
Fig.II.3.21 Running spectra of AE waveform detected by the transducer
905S.
Time ( usec )
0.00 0.04 0.08 0.12 0.16
Time ( 10"!sec )
Fig.II.3.22 Running spectra of the same AE phenomenon as shown in Fig.II





Fig.II.3.23 Running spectra of AE waveform detected during a split test
in mortar at 28 % of failure load.
jttsecfC^fJSf ^cft^^'c^^^
h;l/T*til 0 0 kHz £lTcfS^ft^≫cA^^^, £ftM&*
- 21 5 -
$?>fC, 2L£lT*fi!ffiLfc^S;{*CD＼rffi*>*.S OaM8tV$>*), ?>?>)-h. **t≫<DMWL
fiSiSS*>3000OT/sec~4000m/secggti*^2li:^^)≪1-n(i*, S*fS!{itfcI O/isec
3. 3.4 ttR<≫temi&W<±A E jftttCDnafctttttt
5Ci, *cigS|$:frf±8£R0#Jft3 0 0JMsecgSca5≫t#if>n≪Ct*5^P)jj,>(t/≪c^fco
t5 =
inf-^^MI-^^fefflx-^tbTfi, ffftHS^fTb-f, 3.3. 2^cH^(CJ; f)|fP,tl
f^AESJgCx-^^ffl^^cltftb^o ^-n(4, 3.3. 25£3 . 3 . 3RcHiligS^tJl,">
lE^-ec*-?^ ^^c^M^^w-rsfcfefcfiofco
tzo
?>?<)- hO-≪E≪IStt)l≫C*J^≪K8l^O<RpttCDffiiES(ItffiJE≪O|S**Fig ･ H ･ 3 . 24 ,
Fig.fl .3 .25lC?nto £.tlt>(Dr-$l±, V 0 5ST'&m$tLtz &<D-(:& >), 3.3. 2^T*tt,
^cJS^^tt^ 1 0 0kHz ~ 3 0 0 kHzOHT-ibteW^aT'^SftiftiilEly^^^rCo 2 ocH^
Jt≪f*tf ^:l*W^t°-^SSaA>. WiiB6klt1&mft&8,K-&K>l>T^Zo Fig.n 3.3,
Fig.D .3 .7c^g^J; f)^f>*^J:J;5(t, AE^^?9 0 5S≪ 10 0kHz £ATT-(i^m^^S*s
H＼ ^cotztb, cn^mi£tn＼t, 3≫icio 0 kHz ^Tc^.-?^ h^ftasj&iHSttfcttfc:
45. ^n*>, to-^^≫≫*s±ftKJ(tl0 0 kHz £lT^tSWiU^JSHtS|A.&n5o
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Fig.II.3.24 Peak frequency and coefficient of variation in a uniaxial





Fig.II.3.25 Peak frequency and coefficient of variation in a uniaxial


































*;u*;Uc―ttffiiiKgSci!iSSI&, F i g .n ･ 3 . 26 fcf^o 0K≪fcnt£,fcr-*JS8$Kfi,
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Coefficientof Variation
Fig.II.3.26 Peak frequency and coefficient of variation in a uniaxial
compression test of mortar.
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fflfi^^CDSS^Fig.n .3.27, Fig.n .3 .28 f^fo £c*§3lfc:j;tttf,a>?<)-h
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Fig.II.3.28 Peak frequency and coefficient of variation in a split test
of mortar.
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Fig.II.3.29 Peak frequency and coefficient of variation in a bending test
300.0 °0.65 0.73 0.81 0.89
Peak Frequency ( kHz ) Coefficient of Variation
Fig.II.3.30 Peak frequency and coefficient of variation in a bending test
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Fi g ･ n .3 .3 1 Itfi, ^ >^ 'J- Sc―ff&ESIK^-£c#!£ LT, HJSi^Sc 1 2 %, 4 7 %,
rrr-. TcCD3oCD^(i, £{!]#>?.Jg(<l,1 2%t4 7%, 1 2%£9 1%, 4 7%i9 1 %<D
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5 0 itsec£l±.(D7?'Ky(3tZ £- t&& <1%t)tlT^%(£>&%.?>tlZo Fi g .II■3 . 2 5 ft≪tn
＼£,X^ hvHDt°-^{±50 kHz ~1 00 kHztC^f), ^ntcj; 5 gSfflH^acDt0-^ t±10
/≪sec~2 0/isec £&£,, g|T*fc, iliWz:, ^CD#iE(?: t°-^^1,^2 C t*>?>, CCD50/tsec
£Lt<D7i>lt1citZ>t°--!7l±!x.Mmz±Z&(Dt^7LT£^T'$>5 0o tcSI≪c^S*>, 9 1
%ccPic^*>*^:lc < ^t>tiT≪/">Scfi, ftKftflaSKf T*h:£ < ci' 7 -^^ tcj;≪gfi≪B*^
SbTi^f;≫t#^.?>ti*o ^t-u>x^i,n(f, Hcffi≪H2to-^<Ii?IE≫4bl<T@?&tfS
^t-oftfcc-^*^^, 3-3cn t-^>^cHT:･(it^i'aiKL/f;^il^]*>M?)^^;i^'^ cce:t
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*,v*,HfcK#0-#ffii6iire-e0*8Jii*Fig.n.3.32≫t^-rotft*pi≫≫t, ≪*≫gc8J
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Frequency ( kHz )
Fig.II.3.32 Auto-correlation and coherence in a uniaxial compression test
of mortar.
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Fig.II.3.33 Auto-correlation and coherence in a split test of concrete
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c^SiiigT*c^-?^ h^fig^CStt^Kt)^!!, 5g*g^SJ]8bJ:5 i1"5 c t(effete,^i＼
190),191)
ifiRSttcSSSi(≫*TT-{±, S^*Rcx-^^S(<l, corner frequencySlitPf (in5Sffi*>
.192)
ffi^SttTI^So ^-nti, scalinglaw i t,D?(in, RSca^*5l"-≪i^^^-clt*'ft;*5K
194)
19S)
*fc≫.^( n ―3 ―13 )≫c*jit* ws(/i ts(f)(D&w*m.mmz&&rz. $p.^,ws(/)
c^S^ffiiEI-^K^iLT, AEzgftOlffiSlUttO^^tc^gL, *tU: ･jfg^iic*'^ h*
226-
(l) fg|*tt£
ft&fCfflPfc^O* 'J- h, ^^^;l/CDie-&%Table .H .3 . 5 ^fo ttK#t LTfiftltii
^Hi^-ttiE≪a^WKft ( 0 1 0 cmx 2 0 cm ) , SJ^a^ft^ft ( 0 1 5≪x 1 5 cm ) , mm















Mortar 595 357 0.6 1190
Concrete 10 316 199 0.63 39 727 1138
tiOffltftttSftC1 Omx 1 O≪x 4 Om, D1O 1 #£8 ) 4fft&L, fJWt1 B^(tK§!!L20
CTvM^ftfcfT-Dfco ^n^ncDE-g-fC^ilj-S 2 8 B?i)K%TabIe . 0―3―6fC^-fo







330 (32.3) 337 (33.0)
Splitting
tensile strength
29 (2.8) 21 (2.1)
■V,90 0BA-4Dt±g**≪fe/jN§<, ≪^S£c≫≪fc&<fcSfc3t*.fcfc≪>T*So
COf-HX. 0 2.3. 3≪tlRl1≪ic5g*|i≪CD^≪^l>oo, Kgggi^^florio
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*&fco CCV, ±T(D^? hM±, 3.2i5T*^f>fbfc1iiEffi-AfCJ:≫j,^g|^90 0BA-4
(2) H§5*SS*JJ:<>'#!?
≪m$nfcAEfflattcX'?^ ^Mftt^SetaBHtb-ai, AE5g£f|-??c≪≪Ji≪,≪≪
ws(/itent-a i otm %.h nz o
^^^^ttSCftc―OSc―ttE^Ki^ttfc^Tli^n^ 2ocK^Rcffitt^Fi g .fl-3 -35
Kfj-fo H^tSffl[fii*?.f)fegi3g^7u'^≫i:J:5fecT-*t),tn%≪01t^l/fc. 0*(C(iA~
ET'^^?9 0 0BA-4Dcfi[ttfe^U/-Co
K≪≪ilt^-^^^cffiS(±, A^^cA*fft*^^tCgl,^t*^ltlf, A, B, D, Efifi
≫J^EgS6ft*f)(C^c^*5i!?LfinfcfiCtttc:*5o=&j^T*Slffi$nfcAE^ttc^^^ h;Wi,
±Tl 00 kHz ftiEKt'-^^B, ^cSJR(i(it^t*lRIDT-*o^0 ^JtUT, A, C, D
-228-
C, D^T'CDX-?^ h^u^Fig. D ･ 3 .3 7(£^-fo Fig.E .3 . 36 titKUT, C^T"c^.^
<>h^ii^?)^^^, D^TCDX-?^ h.rt/|ttel0 0 kHz~l 5 0 kHz CDfiSc^fe*>^C(jfSlyt









Fig.II.3.35 Location of transducers A, B, C, D, E and sources 1, 2 by





























Frequency ( kHz )
300.0
Fig.II.3.36 Fourier spectra of AE waveforms generated at the source 1 ( at
52.6 % of failure load ), detected by the transducers A, C,































Frequency ( kHz )
300.0
300.0
Fig.II.3.37 Fourier spectra of AE waveforms generated at the source 2 ( at
84 % of failure load ), detected by the transducer C and D
shown in Fig.II.3.35.
*≫* ≫WMftCD 2 13 a (Dffl&Z. <omh tltz 3 ≪c≪Sgcffig& , F i g .n ･ 3 38 KtkTo











Fig.II.3.38 Location of transducers A, B, C, D, E and sources 1, 2, 3 by
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Frequency ( kHz )
Fig.II.3.39 Fourier spectra of AE waveforms generated at the source 1 ( at
71 % of failure load ) and the source 3 ( at 93 % of failure
load ), detected by the transducer E shown in Fig.II.3.38.






































Frequency ( kHz )
Fig.II.3.40 Fourier spectra of AE waveforms generated at the source 2 ( at









Fig.II.3.41 Location of transducers A, B, C, D, E and sources 1 - 8 in










































Frequency ( kHz )
300.0
300.0
Fig.II.3.42 Fourier spectra of AE waveforms generated at the source 1 ( at
12 % of failure load ), detected by the transducer C and D
shown in Fig.II.3.42.



































Frequency ( kHz )
300.0
300.0
Fig.II.3.43 Fourier spectra of AE waveforms generated at the source A ( at
19 % of failure load ) and the source 7 ( at 80 % of failure
load ), detected by the transducer E shown in Fig.II.3.41.
17~j t<D%w&M.ztzwt, mmmeitzitz&c, j^dx*c*^* h^^Fig.n .3.44
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Fig.II.3.44 Fourier spectra of AE waveforms generated at the source 6 ( at






Fig.II.3.45 Location of transducers A, B, C, D, E and sources 1, 2 by shear
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Frequency ( kHz )
Fig.II.3.46 Fourier spectra of AE waveforms generated at the source 1 ( at
36.9 % of failure load ) and the source 2 ( at 54 % of failure
load ), detected by the transducer E shown in Fig.II.3.45.




t£*>i&g-e&£o ^-cJ;5^K^c―SUa, R＼-e^fJ$n?.o ccT-(i, ^cJ:5^^*tW^
i/fti^T, AE^≫c≫ss]tijc^^aft£iyT>!.^^ h^ujsg^^^fentf, m6LR^n%fc
(1) MEM(maximum entropy me thod )(£<£Z ^^^ Vfrftiff
*;U^;l/ftK{*c^^T*, ffijg2S*>40 0 O^/sec tttU£, ^WM^t^2 5 0 Om/sec







H= ― p(x) logp(x) dx (II-3-29)
CCf, S( 0-3-27 )T*3^fcWiener-Khintchine c§|$5£t±,*^* N^£P(/)gS






%R.*)&<tl£>lZ, Wiener-Khintchine c§|Mc$!≫Jc & t T*i > h o t°-^if^: $ -& ^ ^
tf≪/'"logpC/)#" (n ― 3 ―3D
%ZM&&i!bZC til), Lagrange cSg$( h %&Attl＼£, &( K-Z - 30 ) tft( i-3
-3 1 )tXi)$&mX
J-Sn




±5$t±,1/P(/) 4>'2m+l fflOWK&$ifcfCgBfl^T*£ S ££&≪ftl/T(,->So
Bur.?(2, *c$$[c&$[ 7* ^SfB^^yi/^-t^^UC^aiJPg^^^^-ifcPfti'nSa )
*c££, dc7-f ≫f―l!)>e><D＼&)liit}%PmtLT,MEM^^ h;Ki, ^^T^ft^n
PC/) = PmAt
11+E 7ak＼*
(II ― 3 ―32)
S( n-3-32 )fC≪toT, *^£ h*%$iR%ik/aia£, MEMR7 j jv$ -CDflamfiF























5S(n-3-36)J:≫),u(0, t ) c7-!>i£Si*X(O,/) £+tl＼£,^tlliu, K$lA^







ll-v, strjfiosc n-3-33)oQimfem^^mttuz, Qmtmrnm" tomiai,
･~& (II ― 3 ―39)
(3) n>4"J- HWI4cQfI
5£(H-3-38 )fziJ:≫),5S£j|pa>f,g&;5ggStdi,(i2c 2^Tc^ttl^iii*7- 'Jxf^f







(n - 3 ―4i)





vP0 J (II - 3 -42)
3.47 , Fig. I .3.4 8(<l^-ro Fi g . E ■3 . 4 7 }±,^ ^T'CD^V^ ')- Nc3t$agcft
*ffll">T,Qcft*>5 .10,5 0c3R0c#-a^, Sgg|(rfi― A ) = 1 OcmiLT, Si(II
-3-42 )c(!!£-/n-;,hl//:^fflt;-*5o H*≫?>,^J^.lf, Qfl*> .5-^?>{i, 1 0cmBMt
Z>£t＼C±r>T, 3 00 kHz cJij&SfcfiSc^i,e"1 fg, ^ 1/5 0 fcgt^-f * C i*>^*>^o iftK









































Frequency ( kHz )
Fig.II.3.47 Frequency dependence of attenuation in concrete.
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Fig.II.3.49 Experimental set-up for determining Q-value.
i 2 OcmT^^o
S( n-3-42 )cD^jacitw;&f7-3f;fe*^) 3>?'j-K ^^^^^n-^no^isftfc-o
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Fig.II.3.51 Result of frequency dependence of attenuation in mortar.
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3. 4. 4 AEfflh<D&&.mz≪9 b JUCMt &■£&&&£
tlo
R(f) I = I Wu(f) W,U) ■W.U) ■S(J) I (II - 3 -43)
( n ―3 ―I 3 )X'i7nLtzXoiC, £lT<D±oKm&$nZ>0
= ＼WAJ)- S(j) (H-3-44)
*l/T, 3 . 2gBT-f±, ＼Wt(f)＼*$mis, i£( D-3-44 ) cffiSC^&^fco^T^lS
Lfco ^n£, %mx >)%z>ti-rzAEmmR?''<? h^icmmb, 3.3.4^*3j;oc3 .4.2
st^* 1 wiv) 1 omm^m^tza
[yflo




(Of-ZKfthX, ^CD^^ffiBt^^≪li(iftS$nTl^o $.tl,m*(DRMli±,l psecCD-9-
-3-45 )≫t≪t≫)KSI;FOiS#Rftttffilll≪**1fiJEUTfgS≪^'<≪^ h^ I S V) I ft*≫fc≫
&tz ＼Wt(f)＼cMEM^-?^ h^%ffifflbf;o t.tz,$£MWM<DffiiE<D1ziib<DQiiH£,ftf5cH
(2) HSUeSfcJ ff^
3>^7 'J- ^c-ttffiJiKl^Cfctt^JilvT, 2 . 3.3BT'0g[^g5 i 6 Ko^T^g-f*,,




Fig.II.3.52 Location of transducers A, B, C, D, E and sources 5, 6 in a
uniaxial compression test of concrete.

























Frequency ( kHz )
Fig.II.3.53 MEM spectra of P-wave first motions generated at the source
5 detected by the transducers a and B shown in Fig.II.3.52.


















Fig.II.3.54 MEM spectra of P-wave first motions generated at the source
6 detected bv the transducers B and C shown in Fie.II.3.52.















Fig.II.3.55 Location of transducers A, B, C, D, E and sources 6, 10, 14













Frequency ( kHz ) Frequency ( kHz )
Fig.II.3.56 MEM spectra of P-wave first motions generated at the source


















Frequency ( kHz )
Fig.II.3.57 MEM spectra of P-wave first motions generated at the sources
10 and 14 detected by the transducer E shown in Fig.II.3.55.
―7F,n ―









Fig.II.3.58 Location of transducers A, B, C, D, E and sources 3, 7 in a
split test of concrete.



















Frequency ( kHz ) Frequency ( kHz )
Fig.II.3.59 MEM spectra of P-wave first motions generated at the source
3 detected bv the transducers B and E shown in Fig.II.3.58.
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Fig.II.3.60 MEM spectra of P-wave first motions generated at the source
7 detected by the transducers B and C shown in Fig.II.3.58.






Fig.II.3.61 Location of transducers A, B, C, D, E and sources 4, 6 in a
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Fig.II.3.62 MEM spectra of P-wave first motions generated at the source
4 detected by the transducers C and D shown in Fig.II.3.61.
100.0 200.0 300
Frequency ( kHz )
M-l
3
Frequency ( kHz )
Fig.II.3.63 MEM spectra of P-wave first motions generated at the source
6 detected by the transducers A and D shown in Fig.II.3.63.
Fig.D 3 -6 2
≪t
*), K^g4(C*fUTftfefil^fcH^DiftfeiiH,^tii^Cc2£-Cic^-? £
^ft, muffin>^ >;- h{if)cE6tfK^(t*3^TffffiL/-;K≪2i^Fig.n .3.6 4(c^-fo
o*>*Sffi(UTl^0 ,^A t^B*>f>^tii^nf;AE^Iic^*S^^^ h^^Fi g . n ･ 3 . 6 5 K
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XFig.II.3.64 Location of transducers A, B, C, D, E and sources 7, 9 in a
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Frequency ( kHz ) Frequency ( kHz )
Fig.II.3.65 MEM spectra of P-wave first motions generated at the source
7 detected by the transducers A and B shown in Fig.II.3.64.
Uft;feOT-*So MfUmT><bZLt%^mtn＼£, LOtyytlZ, Fig.n .3 .64T*ffiCD
^O≪ccf:ftT-fi^:^*>t^^e.ti50 t.tz,mMM9Vi±, ^^^^c^ctSffiJt^JSLT,
#&ffi*;v*;W±≫)T*ciig5lc0!l&Fig.II .3.66, Fig.n.3 . 6 7 ft^fo KS^2 t 3
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EFig.II.3.66 Location of transducers A, B, C, D, E and sources 2, 3, 20













Frequency ( kHz )
Fig.II.3.67 MEM spectra of P-wave first motions generated at the sources
7 flnH 3 HptprteH hv the transducer D shown in Fie.II.3.66.
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3. 5 * It <D *£Ws
^>K*^J: !)5S£1-*AE2£BicJS$$fcJ5&#&,fg£≪*c^&f>f, fi^ggg^fc'tt^a^cD
3 . 2film*, H-aiJ^Xx^T-^t^Mi^^AEg^^O^^iJJSS^ftt^o^T^fcfb, ^
cffilEffi^^S^^o ^cISfll,RcJ;5^^i^Bjf,*>{t:^o^0
1) AE^ft?9 0 0BA-4Dc^&ffC^^tt(C||-r^≫#?i||^c|SS*>?), 9 0 0BA-4D
3) ―ttSKcfe**>P>(i;,^ ^Z^O&b^Wtf^te^O&MWti.T*^'*?; VMth-t*)^.
4) 9MKKcSlTii, ^c^.-?^ ^■^Ki(it^^^Mt;Ly^o^:i*5'Sftf>t^^o^ntt^UT,
n*5MI4cffiSSSfc*J;<^Ff3g|5≪5tcS'ffcfc*fiSLT^K-rS 11*^S!≪>htitio
5) AERi)c7>->^^.^^ h^^^fe^SS, AESS)c^-^^ h^l/fCJi,SHftcSJJi*>?)
3 0 0Msecgj$cH(j:^g^:^Sif^5i-*3J;<>*i^^4i-j^^>*#tnT(,^it^B^?)^(<:^





I), AE^iicffiiSlBilcf|5^^*fmtbT^4g^-s°i' H^^*fef;o ^cISSii, &c≪t5T-
7) ≪≪S≫fi*fi-ofciB*, AEgaSO≪≪abB!c≫≫i, ^*ffiMc≪*%5{t, ftffi^*Jj:Otflt
ftofc. ^^(tinti, ?l5!^7->.^[j:i:^AE&iJ)c^^^ h;KcaBja^t°-^*??＼S1-5A>*.
-fe>if^cfica≪(tj;-5T≫^bf;AESt!ic^^^ h^fi＼aT-*SttA>*Sl≪)f)n/;o
9) AESlic^*^^^^ h^cfttt}i, fiiHifjii^'fKilJ;<*tlS-T5 C t*>*lfe?.nfc.
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4. 1 ttl>to(C
satt^i^o **=, giwNK-ca, AE≪a&*≪iaj-r*B8ccaB≫*≪jg->^rAt#
l^JilttS^T, BtPB^I^iH^f(fIMc 2oc^≪T-cS^c≫#?PJtgtt*HJf>*>!CU





















4. 2. 1 Lamb cfrill
Wi, -r-CTc, mmm 4 ＼c4 ･ 3. mT#iWLf;o
Lamb cPnilitto^Tti, ^ 1 *T*a^fc≪t 5 ^, S < *>?.^ < c5ff%#^≪t ()W%# tlTC^5o
213)
^■CT*cHRIW^9f5£≪±,^ cJr^'SPIfrWC^IiEiUT^fe^n^o ^LT, i(<:f7^n^c(i,
214)>215)
216)
AEH-fflSM^ffilVcLamb cHg^i, Brechenridge (CioTlU&Tfjtonf:,, Rc5ff%(i,
48) 217)
^c^cAE^Bi^4≪li(C|i-r'l≫aiiK)^5J:f%c$felKi^ofl:0 fcffb, Rc5f5ET*. ftfe^
218")
g^ti^mzh^om^mmomm^mtzmz-im, at^t･≪^<ft*a Eggs*? tL-c&mi,
4.2.2. Lamb<DHi&<!:AE;j£it]<D≫#f
a) mmmm
H^T'fi ^MVRW&fc'V^T^tlsT, Table! -4- UC^f =t5 ?S.W,nR * ^ i>^, =>>
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-sc≫Sfi≫as ^ (i, ^n^*n4ooo%ec 4300^6015**), fH"rv>a:^^(to.27















Mortar 595 357 0.6 1190
Concrete 10 313 197 0.63 34 626 1252
£n±<omi&&l%Vs ≫±,^ft^ft, 2450≫^ec. 2630"^ £;££>^n£o
AE^$H^2905S ^^gfflL, ffl^R:^ai0kHz~300kHz, ififgff≪60dB(cS:$lyf;o ^
tti^n^AESaftfi, lSJg(C*fUT-9->7Pi;>^^HHPi50nsec CDlO24fficT:-^ y^yl/x-
^I＼c1 ･ 2 ･ 2flT*a^fc*E-'^l'XCDLainb cPrgjgfil^f-tSll^fi,FigE ･ 4 < 1(C^I"
Jr5f^K#±fficfti'i>, m<D&mk(DW(&K, ≪<KAE5l*gtLTAE^^?905S*^BL/
Fig.II.4.1 Sketch of the experiment for the surface pulse of Lamb's
i_1
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ttz, LambcPp^cF≪9gg/NVi/Xc||i|{i, HDttKftcTMcFfrC＼ Figl ･ 4 ･ llt£tu£
/£( 0, 0, 6 )K8M(AE?8^≪tLT^J|;F905S*i9:1iU, HSiaifcfUlfcfTo fco
3£≪PM*ftftS&c£-Ptt&i<＼ *c*:≪>, #tS*TBfcJ:Offfl!ll5A>f.cs:WS!6>> ^tHS3g(<:^:
i^^g^^^SCi^^Sgtn^o b*>b, tc^*ST-^caa*^lyS£lWciiffilW≪C^HF*9
-pc^B^≫c^^*@t-n(i*, £cWK＼&IKftT-c&≫t#;tTJ:l->T-*3 5o HBUft, l&
BciB≫eFH*^50A(secT-*sci*>?), v^-7**voffimsMiz&vz h';*--tijcSB≫
n>^ >J- hc^ttSaS*#*1-n(±', R= 2.5cm~7. 5m^f,(fSW^c≫≫(iS)t!l/&>?.aiO
H^T*t±, gH'^^c:Sra(i:R= 2.5cm, 5mcfi"f, Fl3g|5A^Xci|-g-JC(iR=2. 5cm, 5
cm, 15cm(D&r°AE%mi%&liiLtzo *fc, MM A E^HC^gl^ftAtl btl^mfSME^^
yt.it, 30kHz O°;1/.Xc$^B#Pb1, Td=16.7 ^sec) , 40kHz (Td = 12.5 y^sec )c2aRT*
(2) ≫*T?iS










Fig.II.4.3 Quadrate pulse ( broken line ) and assumed force time
curve ( solid line )
JSS≫a*iMHz-e**o tn&otij:?), ≪Wffl!io≪Si?tt,H≪o≪fflas?ff-ett,x3^(r]cdjp
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Fig.II.4.4 Detected waveform for the quadrate pulse ( T, = 16.7 psec )
and approximate function k(t) by eq.( II-4-4 ).
^-rasitfw*, &cj: otem%tr°mt>$tiT^z>o
*(fi= -cos'(f.t-£)sm($rt-$)
(7V = 10/usec) (n-4-3)




LCT, G331±,XM'^^*, F^SIW^^ftlS^T, ^tl^'tVftC E- 1 -35) , 31(11-1-
32) ≪fc*)$ilsbtzo
4-2-3 liSSSfc-cfcyyiaU-:> a >#*?*£*
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Time ( xlO-sec ) Time < ^'"^
>
Fig.II.4.5 AE waveforms for the surface pulse of Lamb's problem in mortar,
a) detected and b) simulated for R = 2.5 cm, T, = 12.5 usec.
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Fig.II.4.6 AE waveforms for the surface pulse of Lamb's problem in mortar,








0.00 0.16 0. 32 0.48 0.64 0.00 0.16 0.32 0.48
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0.64
Time ( xlO'^sec ) Time ( xlO'^sec )
Fig.II.4.7 AE waveforms for the surface pulse of Lamb's problem in concrete
, a) detected and b) simulated for R = 5.0 cm, T, = 16.7 psec.
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FigH -4-5 tFigH ･ 4 ･ 6f±, * * * *timW-vmRfce>mfffi$ffl Td £S6iS8R;&W<rS
ffiMUfttt, PlftftJfcfiMSfc&ft^tKJ:*)―tlytl->3cA>'W>5o FigE 4 ･ 6iFigH ･
4 ･ 7f±, ^Jg^CDl^^H Td tgg^R*>*HDT*5≫-a-CD;e>'i'^>'i/ta>^';-httlS#:fC*5
/＼Vl/XcLamb MWtt'T V >it*>^:i < ftS"f 5*5, S*Tt*li;t;l'^;U, 3>>? ■;- h i i Jd
146)
RayleighS*s^Sf^t <^t)tlSo LfC*^T, ^^c^g'S^KfiRay 1eigh$fi£#T** t),
FigE ･ 4 ･ 5 , FigE ･ 4 ･ 6%Itlli, fiffiMIStk(t)T*≪^Wf^*>of;≪≫4>^^T,H
Figi ･ 4 ･ 7(2, n>^ ';-h#t^ft(tfc(j-^g^cfijT'*so mmtmffi<DR.mte, m>w.
F'g^/xVl'XCDll^i^ffC^J^FigE ･ 4 ･ 8~ FigE ･ 4 ･II^tRTo *HS^≫-f5Lamb
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Fig.II.4.8 AE waveforms for the buried pulse of Lamb's problem in mortar





























0.00 0.16 0.32 0.48
Time ( xlO""sec )
Fig.II.4.9 AE waveforms for the buried pulse of Lamb's problem in mortar,
a) detected and b) simulated for R = 2.5 cm, T. = 12.5 ysec.
0.00 0.16 0.32
Time ( xlO*sec )
0.48 0.64 0.00 0.16 0.32 0.48
Time ( xlO"'sec )
Fig.II.4.10 AE waveforms for the buried pulse of Lamb's problem in mortar,







0.00 °-16 0.32 °-48 °-64 0.00 0.16 0.32 0.48
Time ( xlcr*sec ) Time ( xlO"*sec )
Fig.II.4 11 AE waveforms for the buried pulse of Lamb's problem in concrete
, a) detected and b) simulated for R = 7.5 cm, T = 16.7 ysec.
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0.64
MffiT-it, #?>(t, mmmKTd ^(D&m^m^zt^^, FigE ･ a ･ 8-Fign ･ 4 ･ nc≫
#T*gHf±Td tR(Cj:-,T^f|CI^oTl^, acil≪BfPBU HClliliWT*!), FigH
4 ･ 8 , FigE ･ 4 ･ 9T'(iHJ≫-p^l^>. FigH ･ 4 ･ 10, FigE ･ 4 -ira±#CftI|;bftTI,">
FigE -4-8, FigE ･ 4 ･ 9(±, * * i> JmUftT'mWiftffl Td cS^^^Jg^^A^Jlvf;
*#CDig^T-*?,o HKT-fctfiartlfcAEffla&tSU E-4 -4 )(tj; ≫)*≪>fctlHl/ST?c≪*fS
ftfi, gffi^^vxo^-a-j; t)i<-SLTi^o cnu, Td ^c^≫*>S^f), jMfflin?*!
U#^*>of;≪≫c^≫^^<^fcn^:^ofcfcfet%^.f≫tL5o *fc. ≫WiH^^≫cS]tt
^^c-StJ;!), H&&≫c8W&ftK*fHEt"*SB#K&, SWc≫*(i^^tiT^^:^iS^n
FigE -4-10, FigE'4-ll(i, R=7. 5 c^c^^;^ d>^ 'J- h#tSC^(tfctt
Sa^*ia^fcicT-*So FigE ･ 4 -10T*fi, 2-?c8a&fi#>#!) =t <― SLTC^*>, Fig
E ･ 4 ･ llc^WjcgT-≫i, *tFfS^<titft-rnii*SV^cSB)c^:*TS:JgcffilB*>,t^LT^
So ttifi, n>^ y-hc?ftt^^S*>^^^^j;i5M^f:fe, ≪aftTSA>?>cS*fSc**
A>Iifcti/;cT**6 5o








AE(D%£.mMlfte^Tb, 9yy?<DfcM£^5%ML*%M-?Ztet>l£, H l*T?(i point
dislocationt UTfi^^jifefc^. moving dislocation £LTCD|X OS^^^gt?*^,
^tf, Sl*CD^( H-l -38)fca^">T, moving dislocation c^flU^^fjofco












^m. Direction of propagation
Fig.II.4.12 Moving dislocation model of a tensile cracik for a) a unilateral
rupture and b) a bilateral rupture.
fr^lMKfaiTmfjtZ unilateral rupture T?**), iMoii, gfflb) K7jstS＼MM
0ff'i>*>f.-hTS^(Bj'5TlRlB#(<:iifJ-r5 bil at era ^rupture T&Z,, ttl^li, *ft^ftfl
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0.00 0.16 0.32 0.48 0.64
Time ( 10"1* sec )
Fig.II.4.14 Simulated AE waveforms due to a) a unilateral moving dislocation,
b) a bilateral moving dislocation, and c) a point dislocation.
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£?;, ffi$MB[ up it 3500wj^ec, *°rv>it(i 0.2 , KSciifrSg v'iit, &$M&% vs t
FigE ･ 4 ･ l3it*3^TR= 6cm, 0 = 4? CD^X'^HH #tl^ X3^(R]cJpaSMRcfttrlS*^
FigE - 4 - HKgrfo
S|t?a){iuni lateral rupture, b) it bi 1a tera 1 rupture IC <£h & <DV$> <9, c) itit
&(D1-z#>K, KfHff^T' point dislocation*≫£D;fc:^£$;BTUfci&ST*&5o ttlf>c≫
ff^fficPffl(i, ^ST'^^So









Fig.II.4.15 Sketch of a split test, generating tensile cracks in a half
space model specimen.
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2ifi?2fC900BA-4D ££fflLttSffi(i,905Sf£it-^900B A- 4 Dc&fi/h# < , ≫S1tft
X1
Fig.II.4.16 Sketch of a punching shear test, generating dip-slip shear
cracks in a half space model specimen.
FigH-4-17 a), b) ^t1^ncteffi;t7-->'KC*fUT{i^l＼c^( I - 1 -41 )T＼ v =
(1, 0, 0) tteiHt, &±zmB<D*£^±t) AE&&:?905Si>iX3fi＼ei}0!>]Mm8iu3%felii-tZ>
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a) b)
Fig.II.4.17 Source mechanisms and the corresponding dislocation models











(o, o, ?3 > T-c!g<ac[if ramie [≪,(0 ] , [ ≪,(0 ] *≫s wcttttuttc e>fci＼
149)>19o)V19l).22l) 222)
192)
point dislocation ^xVU&Dl l)ftoTfc ≫), $f>(t, jBaft^^fe^ttflii*^ ?>^C＼ ^<Dtlt>,
iWfcj; imMiitfct^afifitis^ 01-*5 i#i f,nso
A>'HS^Fign ･ 4 -l8KJirrJ: 5 &&c£#*.*:0 b/:^T, fiffi[m] , [u3] c^Hfcgl
-r*2ft*M≫fi> JC( 1-4-3 )T*fc$n^o fc^b, i:?.i:0B#ra Tr (±, ffi^c^5^
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tK& i)mt£ztm*., mmT'&msntzmwiti. <~mt^±5K^.n,t'
[u(t)]
Fie.II.4.18 Assumed source time function
4.3.3 nm&mts&v-> sa^-> ^W5＼%gk
WM&MT'<Di£$k<DW% , FigE ･ 4 ･ l9~FigE ･ 4 -21(C^-foif a)*>, H^tCfc^T
tt!S#:±Ic^ E T-tHi * W; A Eli, b) **,ffiSSSS#n/;^T^|c^ 7 , ^*≪?6*bfct
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Fig.II.4.19 AE waveforms, a) detected and b) simulated for a tensile
crack in mortar, source coordinate ( -0.-6,-4.0, 1.1 ) and
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Fig.II.4.20 AE waveforms, a) detected and b) simulated for a tensile
crack in concrete, source coordinate ( -0.3, 4.0, 1.3 ) and
deduced T = 14 ysec.
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Fig.II.4.21 AE waveforms, a) detected and b) simulated for a,tensile
crack in concrete, source coordinate ( -1.5, -1.0, 3.5 ) and
deduced T = 14 ysec.
Fign ･ 4 -i9ti, tfrffr&Mfcfc&vzfe^t'&Zo w&isK&h-t^mm Tr tmm± o
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FigH≪4≪20, FigE ･ 4 ･2U±3>tl)-＼-#MW~C'<Dljg%k'V$>2>o FigE ･ 4 ≪20T*fc£j
(*, mmtm^omw^mMt^ 2o^ecggL/*>―abT^^i^ ttwi, sssffla^Figir ･
4 -19, FigH ･ 4 'WK&nm^mKfoZtzlto, WM&TMi)>b<DfX.M&^<m.t>fltzRT'<lbZ>
&r>tZo
133)
-4-6 )≪tf)Sfer;^ET'cP#T*≪)*>-aUfc^J^FigE ･ 4 '22KfK-to
-4 ---.. _, i ,.
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Fig.II.4.22 AE waveforms, a) detected and b) simulated for a dip-slip shear
crack in concrete, source coordinate ( -3.0, 1.0, 3.0 ) and
deduced T = 10 ysec.
BcJKSScffi≪≪, FigE ･ 4 ･ l6Rm.M?kKic4t% i>RT$>Zo WtMtiLWli, -fe>$fK*Rc
&&§K$>%t>i, FigH ･ 4 -2l£lRl1i(£j^H>?t£<fc3fc&,^ffi&tt^ti, Wbfrh 20A*secgg
£X±.(DJ:5 ft. n>*'J-hftS$c$fc/hfi8≪KJ: *)5g*"t^>AE&ftti, fiffi^x^J; fj^^f
aptt^tti LT-> ?
^
v- h Uf; fcc£≪a$#tiJ: <-iSt1"5 c t-bm#>t>titzo ZhK,Fig
H ･ 4 -19~E- 4 ･22(Cj;tl(J> 3Z^_h*)^K Tr ti;10~14 MsecCDffiBtt&S t iA^tS^tlf;o
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4. 4 A Ei$Hi<Dig6aK:j:S
4.4.1 AE:MW](Dm#ffiM%l
223)
frf * V 'J->W£5t Go , Tu **gtt£$ ftfc C £(t/j: 0 , %^ST*c^IHIISa i UT f(t),[ u (t)]
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%£T＼ 55(11-4-1 )c&≫tt U3(t),G33-(t),/!(t)ffi7-'JxfS^DU3(f), FG33(f),
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Fig.II.4.23 AE waveforms for the surface pulse of Lamb's problem in
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Fig.II.4.24 AE waveforms for the surface pulse of Lamb's problem in
mortar, a) detected and b) simulated for R = 6 cm.
0.64
3-0 cHire Ji, $&&&T?7W&mEt?<J3l>t&£<Dttt}X'i>Ztzib, &#&≫, ･> ? -
Sjc*m±, ^≪≫)i<―aUTl^c^fc*>ao ^tJH^≫T-(i( S≫ja^(C^grttc^≪Ic#g![
124)
L£T% FigE ･ 4 ≪23, FigH ･ 4 -24ci> ? ^ U--> a Vi^Il1/:^ ')―^HIScGfaC*
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Fig.II.4.25 Theoretical waveforms of G. for the surface pulse in case of




Blit), *B/-f^^cDLamb*tUTJ:<aif,nT^a≪i5^, ffiiS,$&( S V^ ) CD≫ifi
^(n-4-8 )K±->T'i<R*m.'£.tz>Wi%*m%-n＼z, G{i)＼ty)-^mw>w^w^<D
WhMfiSi&V&Zo itW, FigE ･ 4 ^S^m^fi, ^CDffi&RayleighffifcJtbT^l&fOh
^ffi-'No;l'^c*-g-xcaa^:^^T*0jS5-6-ftcRffitt*Slf>f-f≪fc≪)fC,Fig!- 4 ≪24 b)c
･>s iU-->3>$R£fflt,-vT, Figi-4'25 b)(^ufc*fjs-fs^'j->i||Sji*>e)^;( n














-^00 0.04 0.08 0.12 0.16
Time ( 10" "*sec )
Fig.II.4.26 Source waveforms of d2f/dt2 for the surface pulse of Lamb's
problem. The solid .curve is obtained by the frequency domain
deconvolution of the curve in Fig.II.4.24 b), and the broken
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Fig.II.4.27 Source waveforms of d2f/dt2. The solid curves are obtained
by the frequency domain deconvolution of the curves in a)
Fig.II.4.23 a) and b) Fig.II.4.24 a). The broken curve is the
same as shown in Fig.II.4.26.
m<D1%£MM%(.i (t)&, *ft-?ftFigH -4-23 a) , FigE -4-24 a) <DfetiiRM± >)3Z#>tZ
tzo $?>K, jg5-a-afe:j;>)S<≪>fcffi9gtfiiK§lt!ccfei|ifiiEa'ftlyT>c≫ct°-O^-a$-a-r
Hit). R = 6cwc≪-&{t(i, iaffil8≫t≪ttS3B*>^≫fcfS4≫ii≫≫i*ffl;tt≪t<-aiyT
^5ti*st)*>3o R=2mc*-a-(C≪, ^J?^, |gMbTl->5o (inii, Figl ･ 4 ･ 23c8!fcb8?
^^ciaRS^io^secgKr', %<D&mmftt^r-%btLtz-ftffi&<DRM<D%:t>tiT^ZLttm
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Fig.II.4.28 AE waveforms for the buried pulse of Lamb's problem in mortar,
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Fig.II.4.29 AE waveforms for the buried pulse of Lamb's problem in mortar,
a) detected and b) simulated for R = 6 cm.
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Fig.II.4.30 AE waveforms for the buried pulse of Lamb's problem in mortar,






































Fig.II.4.31 Theoretical waveforms of G,. for the buried pulse in case of
a) Fig.II.4.28, b) Fig.II.4.29., and c) Fig.II.4.30.
FigH ･ 4 ･ 31
≪£
t). Cc#-a-(t(i^ ( I- 4 - 8 )(DG(l)im^-tZ>mmamRMtl%iiLt>ii>>te
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Fig.II.4.32 Source waveforms of d2f/dt2 for the buried pulse of Lamb's
problem. The solid curve is obtained by the time domain
deconvolution of the curve in Fig.II.4.28 b), and the broken
curve is the same as the assumed function in Fig.II.4.26.
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Fig.II.4.33 Source waveforms of d2f/dt2 for the buried pulse of Lamb's
problem. The solid curves are obtained by the time domain
deconvolution of the curves in a) Fig.II.4.28 a), b) Fig.II.
4.29 a), and c) Fig.II.4.30 a). The broken curve is the same
as shown in Fig.II.4.32.
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Figl ･ 4 ･ 28~FigH ･ 4 ･ 3Oc≪W≪3g≫a^lBS≪'t?0a5'&ai*afflLfc*l**Fign･ 4
･ 33tc^i-o r*j*£< ttsg, *≫e.nfc5s^swacsp|4W≫K*j^T, zumt. totem*
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-cftSti, feffi^x>c^o7^-^-cftS(cffia-r5o AE≫i, Si(E-4-5 ), ^(E
-4-6 )jat*tc<t*)mt>$tizc£i)>c>, &&&W):&%Mtz<Diz, ^nh<D^0^m.(o^mx'
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Fig.II.4.34Relationsbetween AE wave motions and waveformanalysis.
gjT*f±,U6WM1Z, fifaicm?* &c£jH)^WgH( kinematicsof sources), KffBHifcK
H-fStCD^WtJ^WSHC kineticsof sources)igBl>T*≪o
c4 ･ 3ff|JT'#^Lr;o^ hX, m^XHi., ≫≫^fl?IllH*ftS^-Sfc≪>coa≫^aK£Koi,^Tft
AE^fttt^fUTfi, B#SM^t^^≫M≪c2ocfM^T"cPW^oJtg^<:i4't-T'^BJf,*>
4. 5. 2 &raft#tSifti≫ti*£(C*5tt3Jff≪T
i(t) ≫ s(t) | *■o(t)
System System System
input characteristic output
Fig.II.4.35 System input-output relationship.
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IMS, SiSBMWIlOlMFft ttC.n*Hfrt* t tfcffi^f*o
#cP^Hfi, i(t)to(t)**A>-3TMi^lCs(t)%^t5ttT'*5o Hit, fffiKfctt*
>RIE( calibration)ifi, £*IT***O ^3＼T'(i, AEti?, ttSIS*, S≫ceS^c^
ffltmt , C(Ds(OOftSttfftttfcfcl^o




Sfeg^T'fi, * L~C't>&tltz£ 5(t corner frequeney S^ICS^I/^ scaling law*5ffife#tlT
o5 $<DT-$>zo mmw&iz.'j^Tii, cLvi±&tif£^i>i,^ti^wm^^-^mmmm^m
^cDBtF^M^cD^sm^tt^o^r^^i-?, <:t(ia^S(ffia-ciciS*-aa^te(t?.S;cn-4-9)
4 ･26fJi^;b/-<:fe^cR^^%.fj5mrc^S:li(ffittT*cx-^J:t)*≫fc7-'Jx^^ h^i/%
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Fig.II.4.36 Fourier spectra of the frequency domain deconvolution in case
of Fig.II.4.26.
tLZtf, k(t)c"7-'j i^S*S<i*nti*, S( 1-4-3 )*>P,Rci:5(t/j:5o
*(≫= -cos'(frt-f)sin(fr-f)
= 4-sin-^t-4-sini5i t
(7V = 10/isec) (n - 4 -10)
"7-'Ji&ifci7-'J j.7,^9 ＼-*<D^BW± I), k(t)cx^* h;W±,1/tr= 100kHz ,
2/^r= 200kHz c*fCJ5fc#£fif£,^-cfiHitfi 2 : It45tti5fci>5o Hc*-?? h^%
l,tl(i',≪*>(C100kHz t 200kHz Kfctj-^Htitfifilf 2 : 1 £&oTt,^0 L*>b, ^0
#UZ, ifS5cFign- 4 -23c->? ^U-->3>fe^lC>!ifbT, mM% £t ^floft^SS^ Fig
j£cMSi(k(t)%^LTfcf) , a) (t}i^ftf>c-7-'J ^^-s0^ h^^^t>bf;o K^T'^^nfck
(t)(Col>T(i, S^cCt< FigH* 4 ･36i^<llDT**S*5, R-g-^(t≪fcoTScfe etl^X^
i' h-'l/fCfi,lOOkHzt 20 0kHzc^.(t^:i^:h:'>-^^l,f)n^o ^L/T, -^cii'&SStiSS;^cc
iflit≪2: l±l)t 100kHz cx-?>7 h;i/^^^^t,＼ ^-UT, m£m*Bm<D b) T-fi, 10
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Fig.II.4.37 a) Fourier spectra and b) source waveform d2f/dt2. obtained by the
frequency domain deconvolution of Fig.II.4.23 b). The broken
rurves at& due to the assumed function.
FigH ･ 4 ･36<!:Fig]I･ 4 -37£c^S(2, '> ? J.l'->3>!SMcictIILTl^i
BfcftS**, FigE ･ 4 ･36£7-'JxRtUcM≪£#≪t-ffttf, F FTffic^≫l6fCfe^jgA>*
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Fig.II.4.38 a) Fourier spectra and b) the corresponding waveform of
sin( 2irt/T ), which includes 5 wavelengths.
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Fig.II.4.39 a) Fourier spectra and b) the corresponding waveform of
sin( 2irt/T ), which includes 1 wavelength.
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FigE ･ 4 ･ 39 b) (DW&X'lt, FigE ･ 4 ･ 38£^&oT, iHSSlO/tsecc^^*>^WS|5^*J^
^o *c<DTzR, FigD ･ 4 ≪38cJ:5^sine Mifcc*^ h^c±fC, ft^BfPBilO/isecc^^^
c*iP*>*a^ p>n 61? * ^>5 o
I. Trl e-'^dt=Tre^s[ffTt;)
(nfir)
X'ibi t£≪fc*),i-Tr = niC^^rm^^ti>o Fig II･ 4 -39c a) T*0 200kHz ,300kHz
£lJtcifgSJ:!), FigH ･ 4 -36iFig]I ･ 4 ･ 37cfgg(i, RCD J:5 (C^^.5 C ttfT*% Zo
9'')->MR.lCi±, FigE ･ 4 ･25fCl,f>nSJ:5f^S, Si*, Rayleigh m^ttlX^Zo
Mzj3i&i&<D&m&'Ptx<tezt%z.t>nzo *tu$, mm^^r-it, Fign ･ 4 -37c w iac
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4. 5.3 6tte5f*<DM:ftm*H<Dft£C:H*'≪£lftftaHft
I≪ffll/T, 4 ･ 3f|5iPDiiJ^a^^ftC^AE^≫4>^tblyf;o
mwumzj: t)&tntititzAEimte, m n-4-5 )tcj;oT^<
^u- bzntzo %<Dm
*ScKH'vOJtoaffltt*≪lfr*fc≪>K, 4 ･ 3f8cP#?ffi£ffl^T!fc{ilf!lg£f7o/-;:0
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Fig.II.4.40 a) Theoretical waveform T... and b) simulated AE waveform for
0.64
a tensile crack in concrete, source coordinate ( 0.4, -1.1, 1.1 )
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Fig.II.4.41 a) Fourier spectra and b) source waveform [ii] obtained by the
frequency domain deconvolution of Fig.II.4.40 b). The broken
curves are due to the assumed function.
We, /&£= ( 0.2,-1.3, 4.2)K*r^"5i|gS*Fign ･ 4 -42, FigH ･ 4 -43te/]rfo
FigH- 4 -43 b) (t^^nr^?,J:5(Cii|fi-^≪^SceCiCDB#HII|lSSc [u] H± <―WllsT^Z>
fr, m<D a) Kit, K^T'^#tl/;ftfficffi:^:liacD7-'JxX^^ h^i^:<S^5t°-^^20
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Fig.II.4.42 a) Theoretical waveform T... and b) simulated AE waveform for
a tensile crack in concrete, source coordinate ( 0.2, -1.3, 4.2 )
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Fig.II.4.43 a) Fourier spectra and b) source waveform [ii] obtained by the
frequency domain deconvolution of Fig.II.4.42 b).
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Fig.II.4.44 AE waveforms due to a tensile crack in concrete, a) detected
and b) simulated one, source coordinate ( -0.5, -7.4, 5.5 )
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Fig.II.4.45 a) Fourier spectra and b) source waveform [ii]obtained by the
frequency domain deconvolution of Fig.II.4.44. The broken
curves are due to the assumed function in simulation.
m<z>mm±, Tr^i/zsecti^^oeffioig^gsiu*c?-1;**^ h^t-*so m±*),
mm^n, mmkffl&t $k, w%iz± <―sslt^*c**^^*,, *^* b^r-a, Tr =
21/iseciCifS^tiI = Vir ^ 50kHz ＼C -5&$>%>, LfcihTga) c^S*>?,, fcffic£
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Fig.II.4.46 AE waveforms due to a tensile crack in concrete, a) detected
and b) simulated one, source coordinate ( -0.1, 1.0, 2.9 )
and deduced T = 14 ysec.
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Fig.II.4.47 a) Fourier spectra and b) source waveform [ii]obtained by the
frequency domain deconvolution of Fig.II.4.46.
ss(t-*5o ^-ct°-^(i, 20kHz (t*f), $k{§.mm-?$>m£>ntzr-$(D±mmmffl50itsetiziti
kHz tffift&f). cinj; *)*≫^5:?>i:t)Bt^tt, Tr=17Afseci^f), ■>?^U-->3>^ff(C
fctt^lt^BtHTr =14/isectJ;< ftJS"f£,
ein^^ 5^l^P^<^W1"Sfc&f^, FigE ･ 4 -47cX^ hvl/*>f>20kHz 0t°-^£$
V^C^, Hanning>>^ > K-^lOHJig^-e: t K J;f)Sfe^"7-'J x^^* h^&FigE ･ 4 ･ 48
A*Wo m<D b) (2, CCSSIilS^^T, Sc a) c;£-B-≫§Jilc*^ Y^O＼£-^mSi%.
t>>h, ^(DmWthXtLhhti^nWi Tr £;££,FigH ･ 4 ･ 47 b) cBtS^feT?cR-^^^^
c^&>&>C, Tr *T'(D:gV>tt%2Rmtt＼stlt>Rr*ibZ>o Lf^oT, ^^i f)*fef;feffiilfc[u
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Fig.II.4.48 a) Fourier spectra obtained by 20 kHz-peak cut of Fig.II.4.47 a)
and b) source waveform [u] obtained by integration at twice of
Fig.II.4.47 b).
WZ-, WMW.Z (-0.4, 0.2, 5.1 )(<l*f1-3ifeS£Fig]I -4-49, Figl ･ 4 ･ 50it7fit<,
Zi>>kmtif£^£n*.t>tl1zi)i, FigE ･ 4 - 50cig|lT*{i, ^fH^≪T-CDfiffi≫|S:ti*^≫) J: <
-tlTl^o mmkMMT'tt, ^i,±t)20kHz ≫ctf-^*jfoTt,^*>*, ^tl^^ltli, ftct°
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Fig.II.4.49 AE waveforms due to a tensile crack in concrete, a) detected
and b) simulated one, source coordinate ( -0.4, 0.2, 5.1 )
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Fig.II.4.50 a) Fourier spectra and b) source waveform [ii] obtained by the
frequency domain deconvolution of Fig.II.4.49.
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Fig.II.4.51 a) Fourier spectra obtained by 20 kHz-peak cut of Fig.II.4.50 a)
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Fig. 1 Sketch of the rock burst monitoring site.
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1) 2) 3) A) 5)
1) Pick-up 2) Pre-Amplifier
3) Discriminator 4) Transcient recorder
5) Osciiio-scope 6) Accelometer
7) Charge-Amplifier 8) Discri-Counter
9) Data-Recnrder
Fie. 3 Apparatus for AE observation
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Fig. 4 Event - time relation of tock burst.
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Fig. 5 Event time rcord.
Fig* 5 fix-^u^-^-fziJ: ^flSftfcijg^&tWJIgJtlf^U, lWlffiAEA'JVM/














Fig. 6 Amplitude - frequency relation of recorded data.

























Fig. 8 Events under constant stress in model experiments.
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